i

-

_INTELLOFAX 8

CENTRAL INTELLIGENCE AGENCY
INFORMATION REPQR

COUNTRY Finland/Hungery/Poland /USSR/Yugoslavia

SUBJECT Subseribers to Cancer Research

PLACE

ACQUIRED = = = = = =

DATE ' 25X1A

ACQUIRED BY SOURCE ‘

DATE OF INFORMAT ION 25X1X

1 Aoproyen s meeven POt SO SRR NP O 1R

REP|

o s

Cb
CASH

DAT

NO. OF PAGES 2

NO. OF ENCLS.

(LISTED BELOW)

SUPPLEMENT TO
REPORT NO.

The following is & list of subscribers in Finland, Eungary, Poland, the USSR
e " and Yugoslavia, ad of May 1951, to Cancer Research which is published monthly

-3

for Cancer Research, Inc under the sponsorship of the American Association for

Cancer Research, Inc; the Anna Fuller Pund; Cancer Research Division, Donner
1.3 Foundation, Inc; the Jane Coffin Childs Memorial Funfdl for Medical Research;
1, the Elsa U Pardee Foundation, and the American Cancer Society.

25X1

TR Eedd

CLASSIFICATION CONFIDENTIAL/US OFFICIALS ONLY

STATE K| NAvY NSRB ] B‘IST@ BUTION

ARMY AR x FBI

_ Xl -
Approved‘ For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2




:
. . »

~

" Approvgd For Release 2002/07/24 : CIA-RDP80-00926A98350A020007-2
CONFIDENTIAL/US OFFICIALS ONLY

¢ *

-9 -

25X1

[Zvailable on loan from the CIA Library is & copy of the March 1951 issue
of Cancer Research.

CONFIDENTIAL/US OFFICIALS ONLY

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2

¥



£ g fan mnal@

Approved Foldiéase 200%7/24 : CIA-RDP80-00926A003500020001-2 25X1A

Ko,

-L iJz_i',-(,;,, %

VoL 11 MARCH 1951 No. 3
CONTENTS
E. B. Lisle. The Effect of Carcinogenic and Other Related Compounds on the Autoxidation of
Carotene and Other Autoxidizable Systems . . 153
Bray O. Hawk, George E. Thoma, and John J. Inkley An Evaluatlon of the Bolen Test as a
Screening Test for Malignancy . . 157
Howard E. Skipper, Juanita B. Chapman, and Marteha Bell Partml Reversal of the A.ntl-
leukemic Action of Folic Acid Antagonists by Vitamin By, . . 161
André D, Glinos and Eleanor G. Bartlett. The Effect of Regeneratxon on the Growth Po-
tentialities ¢n Vitro of Rat Liver at Different Ages . . 164
Anna Goldfeder. Quantitative Evaluation of Growth Rates in Tumors before and after Radla- 6
tion . . . 1
John J. Biesele and Anne Yates Wllson A]kalme Phospha.tase Substrate Spemﬁmtles in Cul-
tured Normal and Malignant Cells of Mouse, Rat, and Fowl . . 174
R. W. Engel and D. H. Copeland. Influence of Diet on the Relative Incldence of Eye, Mammary,
Ear-Duct, and Liver Tumors in Rats Fed 2-Acetylaminofluorene . . 180
Aubrey Gorbman and Myron Gordon. Spontaneous Thyroidal Tumors in the Swordtall
Xiphophorus montezumae . . 184
Jaml\e[s C. Reid and John C, Weaver. The Dlstnbutlon and Excretlon of Stl]bamldme-C“ i 188
ice . .
Ivor Cornman, Howard E Sklp er, and Jack H Mltchell Jr The Fxxa.tlon of Urethan
Carbon Atoms in Sperm and in Resting and Rapidly ledmg Cells . . . 195
Herbert Silverstone and Albert Tannenbaum. The Influence of Dietary Fat and Rxboﬂavm
on the Formation of Spontaneous Hepatomas in the Mouse . . 200

George W. Kidder, Virginia C. Dewey, Robert E. Parks, Jr., and Gllbert L Woodsuie.
Further Evidence on the Mode of Action of 8-Azaguanine (Guanazolo) in Tumor Inhibition . 204

E. S. Crelin and J. T. Wolstenholme. A Study on the Biologic Activity of a Transplanted
Granulosa-Cell Tumor in Castrate C57 Mice . . 212
William G. Dauben and Dorothea Mabee. A Study of the 1\/Ietabohsm of QO—l\/Iethylcho]anthrene 216
K. K. Tsuboi and R. E. Stowell. Enzyme Alterations Associated with Mouse Liver Degeneratlon
and Regeneration after Single Carbon Tetrachloride Feeding . . 221
Howard E. Skipper and Joseph H. Burchenal. The Nucleic Acid Inhlbltmg Actlon of 4-Am1no-
N®*-Methylpteroylglutamie Acid in Mice with a Sensitive and Resistant Strain of Leukemia . 299
Book Reviews . . . . . . . ., . . . . i . . . . . . ... .. o3

THE OFFICIAL ORGAN OF THE
AMERICAN ASSOCIATION FOR CANCER RESEARCH, INC.
Published by THE UNIVERSITY OF CHICAGO PRESS

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2 O™
O



Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2

CANCER RESEARCH

This journal is sponsored by The American Association for Cancer Researck. Inc.; The
Anna Fuller Fund; Cancer Research Division, Donner Foundation, Inc.. The Jane
Coffin Childs Memorial Fund for Medical Research; TlL¢ Elsa U. Pardee Foun-lation; and
The American Cancer Soeiety.
Harorp P. Rusch, Editor-in-Chief
FrizaBET™H B. PouLE, Technical Editor

Fditorial Advisory Board
Josera C. Aus SAMUEL GRAFF James A. M1LLEr
Carn A. BAUMANN Hagrry 5. N. GREENE C. P. RHOADS
Joux J. BrrrNER JessE P. GREENSTEIN A. J. Riger
Austin M. BruEs EricH HIRsCHBERG Murray J. SHE:R
E. V. Cowpry Crarres C. Huceins MicraEL B. SHIvKIN
HucH J. CREECH ARTHUR KIRSCHBAUM PauL E. STEINER
M. DEMEREC ArsERrT L. LERNINGER RosEerT E. STOWELL
F. Duran-BEYNALS C. C. LitTLE ALBERT TANNENBAUM
Jacor FurtH Barpuin Luckg SHIELDS WARRE ™Y
W. U. GARDNER G. Burroucus MipEr ArnNowp D. WerLcR

CANCER RESEARCH is published monthly for Cancer Research. Inec., by the University of '’hicago Press,
5750 Ellis Avenue, Chicago 87, Illincis. Subseriptions are by volume only and are payable in advance. The
subscription price is $12.50 per volume; the price of single issues is #1.25. Orders for less than a fll volume will
be charged at the single-issue rate. Postage is prepaid by the publishers on all orders from the United States
and its possessions. No extra charge is made for countries in the Par: American Postal Union. Pos:age is charged
extra as follows: For Canada and Newfoundland, 50 cents per volume (total $18.00), 5§ cents per issue (total
$1.30); for all other countries in the Postal Union, $1.00 per volume (i5tal $18.50), 10 cents perissu+ (total $1.85).

The following is an authorized agent:
For the British Empire, except North America and Australasis:

Cambridge University Press, Bentley House, 200 Euston Road. London, N.W. 1, England. Prices of sub-
scriptions and of single copies may be had on application.

Business communications, remittances (in United States currency or its equivalent), and subseriptions
should be addressed to Tae Unrversity or Cricaco PrEss, 5750 Fllis Avenue, Chicago 87, Illinois. All other
comimunications should be addressed to Harold P. Rusch. M.D., McArdle Memorial Laborat:ry, University
of Wisconsin, Madison 8, Wisconsin.

Claims for missing numbers should be made within the month {cllowing the regular month f publication.
The publishers expect to supply missing numbers free only when los:es have been sustained in trensit and when
the reserve stock will permit.

No responsibility is accepted by the Editors, by Cancer Research, Inc., or by the publisher: of CANCER
RFESEARCH for opinions expressed by contributors.

Norice To Susscrisers: If vou change your address, please nctify us and your local postr.aster immedi-
ately. The post office does not forward second-class mail.

{ntered as second-class matter, February 15, 1849, at the posi office at Chicago, Ill., un.ier the Act of
March 3, 1879.

Acceptance for mailing at special rate of postage provided for iz United States Postal Act of October 8,
1917, Section 1108, amended February 28, 1925, authorized June 1. 1950.

{'opyright 1951 by Cancer Research, Inec.

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2



Approve.d For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2

.

CANCER RESEARCH

VoLumE 11

MARCH 1951

NUMBER 3

The Effect of Carcinogenic and Other Related Com-

pounds on the Autoxidation of Carotene and
Other Autoxidizable Systems

E. B. LisLE

(From 106, Durkam Road, Blackhill Co., Durham, Eng.)

Several investigators have shown that certain
carcinogenic chemicals and polycyclic hydrocar-
bons inhibit the autoxidation of benzaldehyde and
lipoidal materials (5-7). This effect on benzalde-
hyde was confirmed. Further experiments carried
out with carotene in solvents containing carbon
tetrachloride or benzoyl peroxide showed that, un-
der the influence of light, many carcinogens and
some other hydrocarbons caused an increase in the
rate of oxidation of the carotene. The results com-
pared well with those obtained in another photo-
chemical method in which certain leuco dyestuffs,
in the presence of silver bromide, were dehydro-
genated very rapidly under illumination, when
treated with carcinogens (4).

MATERIALS AND METHODS

The autoxidation of benzaldehyde.~—An indigo-
benzaldehyde solution was prepared by diluting
10 ml of redistilled benzaldehyde to 50 ml. with
ethyl alcohol containing 1.5 ml. of a 0.05 per cent
aqueous solution of indigo carmine. Five-ml. por-
tions of the solution were placed in several tubes
along with 0.2 ml. of the various compounds under
test in acetone (0.025 per cent). A blank test was
carried out simultaneously, and the reaction was
allowed to proceed in darkness at room tempera-
ture. The fading was followed using the “Hilger
Biochemical Absorptiometer’ (Table 1).

The autoxidation of carotene—A. carotene solu-
tion was prepared by extracting dried carrots with
petroleum ether (60°-80° C.), and the solution was
adjusted to the color of an 0.02 N potassium di-
chromate solution. Standard dichromate solutions
were also prepared equivalent to 50, 25, and 12.5

Received for publication May 16, 1950.

per cent of the concentration of the original solu-
tion. A solution of carotene in acetone was also
prepared by evaporating the petroleum ether and
by dissolving the residue in acetone. For compara-
tive purposes, solutions were made using a pure
sample of carotene, supplied by - “British Drug

TABIE 1

THE AUTOXIDATION OF BENZALDEHYDE A8 SHOWN BY
THE DECOLORIZATION OF INDIGO CARMINE

PERCENTAGE
DECOLORIZA TION
CoMPOUND No. oF TEST 28 hours 52hours

Blank 1 64.5 71.8
2 64.2 71.8

Methylcholanthrene 1 53.2 64.5
2 52.8 64.5

Chrysene 1 60.7 69.9
2 60.5 69.6

2,7-Dimethyl- 1 57.9 69.9
1,2-Benzanthracene 2 57.8 70.2
1,2,5,6-Dibenzanthra- 1 60.0 70.8
cene 2 59.7 70.2
1,2,5,6-Dibenzfluorene 1 60.7 68.6
2 60.2 68.4

3,4-Benzphenanthrene 1 64.5 71.8
2 64.8 7.4

Pyrene 1 54.2 64.1
2 53.8 63.8

3,4-Benzpyrene 1 52.2 60.0
2 52.0 60.3

Anthracene 1 57.7 67.2
2 57.6 67.5

Houses Ltd.” England, containing 10 per cent o
and 90 per cent § isomers. Three-ml. portions of
the standard carotcne solution in petroleum ether,
each containing 1 ml. of carbon etrachloride (ve-
distilled) were placed in a series of tubes, 1 X 10
cmn., along with 0.2 ml. of a particular carcinogen
in pure benzene (0.025 per cent). These polycyclic
hydrocarbons were pure samples supplied by Pro-
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TABLE 2

THE ACTION OF CARCINOGENS AND OTHER COMPOUNDS ON THE AUTOXIDATION OF
* « + - CAROTENE IN THE PRESENCE OF CARBON TETRACHLORIDE

No. or
TEST
Comrounp

Blank 1
2
3

Av.
Methylcholanthrene 1
2
3

Av.
9,10-Dimethyl-1,2- 1
Benzanthracene 2
3

Av.
3,4-Benzpyrene 1
2
3

Av.
1;2,5,6-Dibenzanthracene 1
2
3

Av.
3,4-Benzphenanthrene 1
2
3

Av.
5,6,9,10-Tetramethyl- 1
benzanthracene 2
3

Av.
1,2,5,6-Dibenzfluorene 1
2
3

Av.
B-Naphthylamine 1
2
3

Av.
Pyrene 1
2
3

Av.
2,7-Dimethyl-1,2- 1
Benzanthracene 2
3

Av.
Anthracene 1
2
3

Av.
Chrysene 1
2
3

Av.
1,2-Benzanthracene 1
2
3

Av.
Cholesterol 1
2
3

Av.
Citral 1
Hydrogquinone 1
Ascorbin 1

* A = strongly carcinogenic; B = weakly earcinogenic; C

T Commercially pure carotene used in No. 8 test.

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2

PHTROLEOM ETHER SOLUTION

50

89
93
88
90

100
110
105
105

80
88
83
84

240
255
255
250

100
100
100
100

65
70
66
67

280
310
300
290

Percentage
decolorization
12.5 25
(minutes)
185 340
188 340
196 360
190 350
24 68
28 73
29 70
27 70
34 76
31 80
30 78
32 78
22 54
26 56
26 53
25 55
185
180
205
190
115 300
115 315
130 330
120 315
155 280
175 310
164 310
165 300
34 59
33 62
34 63
34 62
100 230
106 260
115 244
110 245
73 150
73 160
78 155
75 155
31 74
85 75
36 75
34 75
25 37
24 42
26 40
25 40
195 320
180 360
180 325
185 335
48 150
47 170
55 167
50 162
190
190
190
190
over 180
over 180

K
Veloc-
ity

0.0038

0.0281

0.0200

0.0248

0.0038

0.0051

0.0084

0.0220

0.0060

0.0096

0.0208

0.0310

0.0035

0.0098

0.0038

-

Percentage
decolorization
12.5 25
(minutes)

58 76
61 76
60 75
60 76
17 33
21 31
19 27
19 30
21 31
22 37
22 37
22 35
22 28
21 338
22 31
22 31
57 T2
61 ki
63 78
60 76
63 71
58 77
61 80
60 76
25 45
28 38
29 37
7 40
62 100
61 111
58 107
60 106
41 57
35 55
35 51
37 54
22 30
22 380
27 29
24 30
17 21
15 26
11 25
14 24
44 66
43 56
43 61
43 60
over 180

over 180

-

«

ACETONE SOLUTION

= moderately carcinogenic; D = nonearcinogenic.

50

93
99
95
926

51
58
b7
54

96

K
Veloc-
ity

0.0169

0.0418

0.0396

0.0428

0.0169

0.0169

0.0330

0.0120

0.0246

0.0428

0.0530

0.0145

BiorogicaLn
AcTiviTr*t

Coowv
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fessor J. W. Cook of Glasgow University, and
fresh solutions were prepared for each serics of
tests to insure that oxidation to quinones did not
occur. The tubes and contents were then illumi-
nated by means of a 100-watt metal ilament lamp,
at a distance of 10 cm. A blank test was carried out
under similar conditions, and the rates of fading
were followed with the prepared color standards.
The tests were repeated in an acetone solution of
carotene, the carcinogens being dissolved in that
solvent also. Finally, the tests were again repeated
using a 0.4 per cent solution of benzoyl peroxide in
ethyl acetate in place of the carbon tetrachloride.

Silver bromide reaction (4).—Strips of filter pa-
per were prepared by soaking them in a 4 per cent
aqueous solution of silver nitrate containing either
5 ml. of a 0.08 per cent aqueous solution of lcuco-
methylene blue or leucomalachite green, and then
in a 1.8 per cent potassium bromide solution. After
drying in darkness, the papers were spotted with a
benzene solution of the particular compound and
illuminated with light of wave length 400-450 mu.
A blue or green spot indicated a positive reaction.

RESULTS

The autoxidation of benzaldehyde—In the pres-
ence of indigo the autoxidation of benzaldehyde
can be followed, since the oxidation of the dye to
faintly colored oxidation products runs parallel to
the oxidation of the aldehyde to benzoic acid. The
oxidation is due to the oxidizing action of the in-
termediate, benzoyl hydrogen pcroxide, and re-
producible results can be obtained (Table 1). It
will be noted that the powerful carcinogens methyl-
cholanthrene and 8,4-benzpyrene (1) act as moder-
ately strong anti-oxidants on the system, while
noncarcinogenic anthracene, chrysene, and 2,7-
dimethyl-1,2-benzanthracene (1) act as weaker
anti-oxidants. Noncarcinogenic pyrene, however,
acts in a moderately strong manner, and the
powerful carcinogen 1,2,5,6-dibenzanthracene has
only a weak action.

Carotene oxidation systems.—Under the influ-
ence of light, carotene in acetone or petroleum
ether solution containing carbon tetrachloride be-
came decolorized. The final solution was slightly
acid and was found to contain oxidation products
of carotene—e.g., §-ionone was present, indicating
the breakdown of the carotene chain. It is sug-
gested that, under the influence of light, free tri-
chloromethyl radicals (8) combine with the unsat-
urated hydrocarbon carotene and then, under the
influence of molecular oxygen, an autoxidation
process takes place, the final products of the reac-
tion containing colorless oxidation products of
carotene. There is some evidence to support this
view, as an experiment was performed in which

oxygen was rigorously exflutlell from the system,
and the reaction was carried out under oxygen-
free nitrogen. Under these conditions, no decolori-
zation of the carotene solution took place, and, in-
deed, there was a slight darkening of the yellow
solutions. On readmitting oxygen, normal oxida-

TABLE 3

THE ACTION OF CARCINOGENS AND OTHER
COMPOUNDS ON THE AUTOXIDATION OF
CAROTENE IN THE PRESENCE OF BENZOYL

PEROXIDE
Time in min-
utes 50 per
cent decolori-
Compound No. of test zation

Blank 1 87
2 95
Methylcholanthrene 1 50
) 2 45
1,2,5,6-Dibenzanthra- 1 45
cene 2 42
2,7-Dimethyl-1,2- 1 46
Benzanthracene 2 40
3,4-Benzphenanthrene 1 45
2 40
1,2,5,6-Dibenzfluorene 1 41
2 48
3,4-Benzpyrene 1 44
2 50
Pyrene 1 38
2 46
Chrysene 1 56
2 48
Anthracene 1 40
2 40
9,10-Dimethyl-1,2- 1 56
Benzanthracene 2 50
Cholesterol 1 90
2 85

Hydroquinone over 100

Pyrogallic acid over 100
B-Naphthylamine 1 92
2 88

TABLE 4

THE ACTION OF CARCINOGENS ON
SILVER BROMIDE LEUCO DYE-
STUFF TEST PAPERS

Depth*
of
Compound color
Methylcholanthrene 100
Cholanthrene 90-100
3,4-Benzpyrene 100
1,2-Benzanthracene 0
9,10-Dimethy!-1,2,5,6-
Dibenzanthracene 0
3,4-Benzphenanthrene 0
5,6,9,10-Tetramethyl-1,2-
Benzanthracene 5075
1,2,5,6-Dibenzfluorene 50-75
2,7-Dimethyl-1,2-Ben-
zanthracene 0
Anthracene 0-10
Chrysene 0
Pyrene 80-100
1,2,5,6-Dibenzanthracene 0

9,10-Dimethyl-1,2-Ben-
zanthracene 50-75

* Methylcholanthrene  given arbitrary
value of 100. Comparative measurements
made using & photocleetrie cell.
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tion again took place, the reaction being photo-
chemical, only taking place under the action of
light. The presence of added carcinogens and al-
lied compounds greatly increased the reaction rate,
indicating that these compounds acted as pro-
oxidants on the system. This reaction appeared to
approximate a ‘“First order reaction,” and the
velocity coefficients K were calculated (Table 2).
Trichloroacetic acid acted similarly to carbon
tetrachloride, but chloroform had no visible ac-
tion. Benzoyl peroxide acted positively, the final
products of the reaction being benzoic acid and
carotene oxidation products (Table 3). A combina-
tion with free phenyl and benzoyl radicals (2, 8),
formed from the diaroyl peroxide, with carotene,
may initiate an autoxidation process as in the car-
bon tetrachloride reaction. When a purified sample
of carotene in acetone solution was substituted
from the crude extract, comparable results were
obtained, impurities present having little effect on
the course of the reaction.

Silver bromide reaction.—The action of some
carcinogens on silver bromide dye paper, under the
influence of light, appears to be another cxample of
the pro-oxidant effect of these compounds, as the
dye in this case was oxidized and consequently
deeply colored (Table 4).

DISCUSSION

An examination of the results obtained in all
four systems seems to indicate some correlation
between oxidation rates and biological activity. In
the benzaldehyde system the inhibition of oxida-
tion seems to run parallel with high biological ac-
tivity (Table 1), while in the carotene systems an
increasing rate of oxidation follows an increase in
the potency of the carcinogen. The depth of color
of the spot obtained in the silver bromide reaction
is in many cases a rough measure of the activity of
the compound being tested. Table 2 shows that the
reaction velocity is much greater in acetone solu-
tion than in petroleum ether, but otherwise the
results compare moderately well. There is a devia-
tion in the case of f-naphthylamine, which has
been shown to be carcinogenic (1), the compound
causing an increased reaction velocity in ether so-
lution, as compared to a blank. This does not oceur
in acetone solution. The reactions are not abso-
lutely specific for carcinogenic compounds in any
of the four systems, as 1,2,5,6-dibenzanthracene
does not increase the reaction velocity in the caro-
tene-carbon tetrachloride system or decrease the
velocity in the benzaldehyde reaction, nor does it

give a positive result with silver bromide. 2,7-
Dimethyl-1,2-benzanthracene, anthracene, and
pyrene give a marked velocity increase in carotene
systems, but in the silver bromide test, 2,7-di-
methyl-1,2-benzanthracene gives a negative re-
action and anthracene a slightly positive one.
With benzaldehyde these two compounds show
only moderately weak anti-oxidant activity. The
benzoyl peroxide-carotene reaction is not very spe-
cific for carcinogens, as many noncarcinogens show
a positive reaction, but here 1,2,5,6-dibenzanthra-
cene acts positively. On considering the four sys-
tems generally, it seems evident that the car-
cinogenic compounds tested can act as catalysts
on autoxidizing systems by increasing or decreas-
ing the rate of oxidation, and it is suggested that
there might be some systems of enzymes in animal
tissues on which the known carcinogens act spe-
cifically as pro-oxidants, and others on which they
act as anti-oxidants.

SUMMARY

The inhibition of the autoxidation of benzalde-
hyde by carcinogenic and other polyeyclic hydro-
carbons was confirmed, the more powerful car-
cinogens showing the greater effect. Under the in-
fluence of light, carotene in solvents in the presence
of carbon tetrachloride or benzoyl peroxide be-
came oxidized, an effect which was accelerated by
many carcinogenic compounds. These results com-
pared fairly well with those obtained when a silver
bromide leuco dyestuff-impregnated filter paper
was illuminated in the presence of a carcinogen, a
colored spot appearing in many cases. It was sug-
gested that the carcinogens might either act as
pro-oxidants or anti-oxidants on specific animal
enzyme systems.
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An Evaluation of the Bolen lest as a
Screening Test for Malignancy®

Bray O. Hawg, Grorge E. Troma, AnD Joun J. INKLEY

(From the Departments of Surgery and Medicine, St. Louis University School of Medicine, St. Louts, Mo.)

Bolen (2) in 1942 reported the blood droplet
pattern as distinctive in cancer and proposed it as
a valuable aid in the diagnosis of the disease. He
found the test to be accurate in 91.4 per cent of all
cancer patients studied. Giron (5) in 1948, using
the method of Bolen, obtained similar results.

In our study the test was performed on 857 in-
dividuals. First, a preliminary study was per-
formed on 195 healthy subjects and on 157 pa-
tients with histologically proved cancer, to fa-
miliarize us with features of the normal or negative
and positive blood patterns.

Grossly, the normal pattern (Fig. 1) is & uni-
form, compact design with the central portion
showing a dense, dark spot or nucleus. The pattern
associated with cancer is different in most cases
(Fig. 2). There is a breaking-down of the compact
design near the mid-central part of the drop, and
the central nucleus or spot becomes less distinet or
completely absent. In advanced cancer, the ap-
pearance is that of a “dotted curtain” (Fig. 3).

Microscopically, the normal pattern (Fig. 4) re-
veals 2 well defined weblike fibrin meshwork ex-
tending over the entire drop. There are occasional
leukocytes and normal appearing, tightly packed
red cells with rouleau formation. -

In cancer (Figs. 5 and 6), the fibrin meshwork is
absent, and only small fibrin threads are seen.
There are many small plasma lakes throughout the
drop. The plasma lakes are clear, vary in size, and
are devoid of erythrocytes. The red cells appear in
clumps, are irregular in outline and shape, and
rouleau formation is absent.

A normal or negative blood pattern was found
in all 195 healthy individuals, and a positive pat-
tern was found in 87 per cent of the 157 patients
with a histologically proved cancer. No attempt
was made to select the cancer patients as to site or
extent of the discase (Table 1).

These findings are comparable to the results
found in the literature (Table 2), except for a small

# Aided in part by Grant CT 619 USPHS and by a grant
trom Missouri Division, American Cancer Society.

Received for publication August 2, 1950.

series (25 patients) reported by us with Finne-
gan (4), in which a positive pattern was found in
only 13 patients.

We then studied 505 successive new patients
who entered the diagnostic and cancer-detection
clinic at Firmin Desloge Hospital of St. Louis Uni-
versity from July, 1949, to October, 1949. This
group included patients with a variety of diag-
noses, and the test was performed and interpreted

TABLE 1
BLOOD PATTERN IN NORMAL AND CANCER PATIENTS

Broop PAaTTERN PER CENT
SusiECTS Positive Negative TotaL POSITIVE
Normal 0 195 195 [}
Cancer (histologi- 140 1 157 87
cally proved)
TABLE 2

RESULTS REPORTED IN THE LITERATURE OF THE
BrooD PATTERN IN MALIGNANCY

Per cent

No. cancer positive

Year Author patients pattern
1942 Bolen (2) 140 91
1943 Giron (5) 150 90
1943 Coltman (3) 35 97
1950 Inkley et al. (6) 100 88
1950 Finnegan et al. (4) 25 53
1950 Black and Speer (1) 100 80
1950 Present paper 157 87

on each patient without any knowledge of the clin-
ical history or findings. The test was applied to
this particular group as a screening test.

METHOD?

The patient’s fingertip is cleansed with ether or
alcohol, allowed to dry, pricked with a lancet, and
a free flow of blood obtained. Six or seven drops,
varying in size and thickness, are collected on a
slide by lightly touching the drop present on the
fingertip, being careful not to touch the finger with
the slide. This may interfere with the formation
of the pattern. The slide is placed on a flat surface
and allowed to stand until the drops are dry. The
pattern formed in each drop is examined both

1 Ag described by Bolen, in 1942, with a few minor varia-
tions.

157
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macroscopically and microscopically at the ex-
aminer’s convenience.

RESULTS

Analysis of the 505 clinic patients, studied with-
out reference to the clinical findings, revealed 439
patients with a negative or normal blood pattern
and 66 with a positive blood pattern (Table 3).

TABLE 3

RESULTS OF THE BOLEN TEST ON 505 SUCCESSIVE NEW
PATIENTS FROM THE DraGgNosTIC CLINICH

Total
Diagnoses (grouped) Positive Negative patients

Pregnancy 36 46 82
Neoplasms

Benign 0 9 9

Malignant 12 2 14
Heart disease 2 1 29
Ear, eye, nose, throat diseases 2 71 73
Gastro-intestinal disease (benign) 2 40 42
Dermatitis 2 12 14
Tuberculosis, pulmonary 1 6 7
Pelvic inflammatory disease 2 58 60
Arthritis (degenerative) 2 11 13
Syphilis 1 19 20
Genito-urinary disease 1 20 21
Neuro-psychiatric disease 1 22 23
Menopausal syndrome 1 9 10
Pulmonary disease (not tubereulosis 1 19 20

or tumor)
Essential hypertension 0 10 10
Thyroid disease 0 12 12
Dietary deficiency 0 5 5
Arteriosclerosis (general) 0 28 28
Diabetes mellitus 0 3 8
No disease found 0 5 5
Skeletal diseases (fractures) 0 2 2
Peripheral vascular diseases 0 3 3

Totals 66 439 505

* Children 14 years of age and younger excluded from this study.

There were 14 malignant neoplasms found in these
505 patients. Twelve of the 14 patients showed a
positive pattern, while the remaining 2 patients
showed a negative pattern. One of the negative
patterns was found in a case of far advanced
adenocarcinoma of the breast and the other in a
patient with bronchogenic carcinoma with me-
tastases. The droplet pattern in subsequent ex-
aminations was constantly negative in these two
cases. The remaining 54 patients with a positive
blood pattern did not have cancer, and all except
those pregnant were re-examined at regular inter-
vals for 1 year after treatment. The blood pattern
returned to normal in all but 1 patient (Table 4).

There were 2 false negative and 54 false positive
tests found in this group of 505 patients.

DISCUSSION

The fourteen neoplasms found in the screening
group are divided into two groups: those in pa-
tients having an obvious cancer and in those hav-
ing a “hidden” cancer—that is, one which is not

readily identified by the common clinical examina-
tions (Table 5).

In ten of the fourteen cases the clear-cut diag-
nosis of cancer was made without difficulty by the
conventional clinical examination. The blood pat-
tern was found to be positive in eight of these pa-
tients, who were shown to have the following le-
sions: squamous-cell carcinoma of the tongue with
cervical metastases, adenocarcinoma, of the stom-
ach, squamous-cell carcinoma of the skin (4),
squamous-cell carcinoma of the tongue, and ade-
nocarcinoma of the rectum. The blood pattern was
negative in two of these ten patients—one having
an adenocurcinoma of the breast, with axillary and
pulmonary metastases, and the other a far ad-
vanced bronchogenic carcinoma with cervieal
metastases.

A positive blood pattern was found in all four of
the patients with neoplasms which were not read-
ily detectable by the usual elinical diagnostic pro-
cedures. Thus, a persistently positive blood pat-

TABLE 4

RESULTS OF RE-EXAMINATION OF PATIENTS SHOWING
FALSE POSITIVE BOLEN TEST, BEFORE

AND AFTER TREATMENT

Positive pattern

after 4 months
or more

(Not followed)
ox

Firat
Diagnosis examination
Pregnancy 36
Rheumatic heart disease
Pelvic inflammatory disease
Acute appendicitis
Common duct obstruction
Dermatitis
Acute epididymitis
Pulmonary tuberculosis
Neuro-psychiatry
Acute pan-sinusitis
Syphilis, tertiary
Arthritis (degenerative)

o
W l 0 =10 0 10 M= 10 =0 1D
- I OHOOO*QOOO

Totals

* Only one case re-examined.

TABLE 5
VALUE OF THE BOLEN TEST IN CANCER

BoLEN TEST

NEOPLASM No. Positive  Negative

Obvious eancer 10 8 2
“Hidden” cancer 4 4

There were 14 histologically proved cancers found in the 505
patients exarined in the medicul diagnostie and cancer detection
clinies.

tern provoked further scrutiny in these cases to
establish a diagnosis of cancer as will be shown in
the following case presentations.

CASE 1

Carcinoma of the prostate gland.-—J. R., a 68-
yvear-old while man, entered the clinie August 23,
1949; the Bolen test was positive. He complained
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of pain in his left eye. He was diagnosed and
treated for a corneal ulcer. The repcat Bolen test
was positive on September 10, 1949. Further ex-
amination revealed a large, nodular prostate gland,
not thought malignant. August 18, 1950, he re-
entered the hospital, complaining of nausea, vom-
iting, and epigastric pain. Physical examination
revealed tenderness in the epigastrium and a hard
nodular prostate. The pathological diagnosis of the
prostate gland was adenocarcinoma. The gastric
lesion is thought to be a benign ulcer and is still
under observation. (#49-8093, F.D.H.)

Comment.—Because the Bolen test remained
positive for a year, the diagnosis of carcinoma was
suggested in this patient. He originally reported
with a corneal ulcer and a nodular prostate which
the urologist thought benign. After a year prosta-
tectomy revealed carcinoma present in the pros-
tate.

CASE 2

Bronchogenic carcinoma.—R. B., a 63-year-old
white man, entered the clinic July 15, 1949; the
Bolen test was positive. He complained of chest
pain, cough, 10 pounds’ weight loss, and gave a
history of tuberculosis. Physical and roentgeno-
logic examinations resulted in a diagnosis of tuber-
culosis. On August 23, 1949, the Bolen test was
positive. He was admitted to a sanatorium for
treatment. A diagnosis of tuberculosis was not
confirmed, and after exhaustive diagnostic stud-
ies, an exploratory thoracotomy was suggested.
The Bolen test remained positive upon repeated
examinations.

On November 12, 1949, a right pneumonectomy
was performed, with an operative diagnosis of
chronic abscess of right lung. The pathological re-
port was bronchiectasis, chronic bronchitis, peri-
bronchitis, lung abscess, and organized pneu-
monia. No carcinoma was seen. The post-opera-
tive course was complicated by a broncho-pleural
fistula, which closed spontaneously, and the pa-
tient was discharged from the hospital January 21,
1950, greatly improved.

He was re-admitted to the hospital August 7,
1950, extremely ill with nodules in the pneu-
monectomy scar. Biopsy showed these to bcmetas-
tatic carcinoma. He died September 26, 1950. At
autopsy, bronchogenic carcinoma was found, in-
volving the right bronchial stump, with wide-
spread metastasis. (#49-5175, F.D.H.) Unfor-
tunately, the surgical specimen was misplaced
during the interim. Therefore, one cannot be sure
whether this lesion was present in the specimen
and overlooked or left behind in the right bronchial
stump.

Comment.—Again, a Bolen test, positive for a

year, pointed correctly to the diagnosis of car-
cinoma, despite clinical evidence to the contrary.
Admitted as a tuberculosis suspect, the right lung
of the patient was removed after 3 months for
abscess, and no carcinoma found histologically—
only abscess and bronchiectasis. However, after 9
months carcinoma became clinically apparent be-
cause of nodules beneath the scar of pneumonec-
tomy, and the diagnosis was ultimately confirmed
by necropsy.
CASE 38

Bronchogenic carcinoma—E. T., a 68-year-old
white woman, entered the clinic October 8,1949; the
Bolen test was positive. She complained of constant
coughing, pain in the right chest, and gave a his-
tory of having been treated for pneumonia 6 weeks
previously. A diagnosis of inflammatory disease of
the right lung with right pleural effusion was made,
and the patient was admitted to the hospital. A
repeat Bolen test was positive October 10, 1949.
Examination of the pleural fluid revealed malig-
nant cells, and a bronchial biopsy confirmed the
diagnosis of bronchogenic carcinoma. The Bolen
test was positive on last follow-up, December 17,
1949. (#49-9702, F.D.H.)

Comment.—Here, in another patient with lung
cancer, the Bolen test was positive upon admis-
sion, and the clinical diagnosis was lung abscess or
unresolved pncumonia. Thoracentesis yielded fluid
with cells, histologically malignant upon centrifu-
gation.

CASE 4

Carcinoma of the left breast (male).—C. S., a
59-year-old white man, entered the clinic July
21, 1949; the Bolen test was positive. He com-
plained of headache and a small mass just beneath
the skin in the left temporal region. Roentgen-
ologic and physical examination revealed no
positive diagnosis. The Bolen test was positive
again August 20, 1949. Tle was admitted to the
hospital, and the mass was removed from the head.
A diagnosis of metastatic carcinoma was made.
Exhaustive tests and examinations failed to reveal
the primary lesion. He died September 26, 1949,
and at autopsy a very small, decp-seated, primary
lesion was found in the left breast, and a diagnosis
of adenocarcinoma of the breast with metastasis
was made. (#49-6319, F.D.H.)

Comment.—A. suspicion that the subcutaneous
mass in the temporal region might be carcinoma
was aroused, in this patient, by a positive Bolen
test, and clinical study during the ensuing month
yielded no positive data. Upon removal, the mass
was then proved to be carcinoma. The primary
site remained undiscovercd until necropsy, when a
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hidden carcinoma, primary in the (male) breast,
was found.

All but 2 of the 14 patients were treated either
surgically or with radium. The blood pattern re-
turned to normal the fourth month post-opera-
tively in a surgically treated adenocarcinoma of
the rectum and has been negative upon subsequent
examinations. The remainder of the treated cases
continued to show a positive blood pattern.

The 54 patients showing a false positive blood
pattern were re-examined and grouped as those
obviously not having cancer and those suspected
of having cancer (see Table 6). Thirty-six patients,
all those pregnant, were not followed. Thus, of the
remaining 18 patients with a false positive test,
only one failed to show a normal pattern after
treatment had been instituted. This was a 43-year-
old white male (E. G., #49-9693, F.D.H.) com-
plaining of pain and swelling in the right knee.
There was a history of syphilis. Physical examina-
tion revealed swelling of the right knee and bloody
effusion. The Bolen test was positive upon admis-
sion and at all the subsequent examinations for the
past year. Exhaustive examinations including a
biopsy of the right knee joint capsule failed to re-
veal any evidence of malignancy. To date, this
case remains a false positive, and a diagnosis of
tertiary syphilis with Charcot’s disease stands.

The occurrence of the positive blood pattern is
interpreted as a “clue” and should encourage the
physician to perform exhaustive studies to exclude
or prove the presence of cancer. A normal blood
pattern does not exclude the possibility of cancer
and should be ignored especially when there are
clinical manifestations suggestive of malignancy.

SUMMARY

We have screened 505 patients for malignancy
by the Bolen test. There were 66 positive tests, of
which 12 were substantiated by histologic evidence
of malignant neoplasm, while 54 appear to be
false positives. With one exception, all the false
positive tests subsequently reverted to negative.

There were 14 histologically proved cancers in
the entire group of 505 patients. Two of these tu-
mors gave repeated negative reactions to the
Bolen test.

We may conclude that a negative Bolen test
does not exclude the diagnosis of cancer. Nor does
a positive test necessarily indicate the presence of
cancer. However, a positive test should be followed
by intense diagnostic effort before the diagnosis of
malignant neoplasm is abandoned.
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TABLE 6

“FALSE POSITIVE” BOLEN TESTS AFTER TREATMENT
AND ONE-YEAR FOLLOW-UP

Bovren TEST
NEeorrasM No. Positive Negative
Obviously not 36 pregnancy (Not followed)
cancer 17 inflammatory 0 15*
disease
Suspected cancer 1 1 0

* Two lost to follow-up.

. There were 54 false positive tests in 401 noncancer patients upon admis-
sion to the clinic.
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Fra. 2—Blood pattern in early cancer. Mag. X5.

Fre. 8.—Blood pattern in advanced cancer. Mag. X5.

Fie. 4.—Microscopie view of the normal pattern taken
from the central area of the drop. Mag. X100.
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X 100.
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Recently, Woolley and Pringle (12) have dem-
onstrated the build-up of 4-amino-5-carboxami-
doimidazole in E. col¢ grown in the presence of in-
hibiting doses of 4-aminopteroylglutamic acid
(aminopterin). It is known that formate is a pre-
cursor of the 2-carbon atom of the end product of
purine metabolism, uric acid (11). We have ob-
served that folic acid antagonists inhibit the in-
corporation of radioactive formate into nucleic
acid purines of mice (10), and that folic acid in
large doses speeds up the leukemic processes in
mouse leukemia Ak 4 (9). Aminopterin or A-
methopterin (4-amino-N-methylpterolylglutamic
acid) will consistently increase the life span of mice
with leukemia, and this anti-leukemic activity
may be reversed by folic acid (2, 8, 3, 7, 9) or by
citrovorum factor (1). It has been suggested that
formylfolic acid is a functional derivative of folic
acid (4).

Shive et al. (6) obscrved that vitamin By, at se-
lected concentrations could replace both purines
and thymidine in the nutrition of Lactobacillus
lactis Dorner. Since it would appear from the
above-mentioned evidence that folic acid antago-
nists block nucletc acid at the purine stage, it was
considered of interest to determine if the anti-
leukemic action of aminopterin or A-methopterin
could be reversed by vitamin Bi,.

EXPERIMENTAL

The anti-leukemic screening procedure em-
ployed in this investigation has already been de-
scribed (8). All animals were maintained on the
same diet of Purina chow. Leukemia-susceptible
Akm mice were inoculated with Ak 4 leukemia, and
treatment with aminopterin or A-methopterin
alone, or in combination with By, was begun on
the second post-inoculation day and continued on
an alternate-day basis for a total of ten injections
or until the animals died of leukemia. These com-

* This work was supported by the American Cancer
Society, upon recommendation of the Committee on Growth of
the National Research Council; the Research Fund of the
Southern Research Institute; and Mr. Ben May, Mobile, Ala.

Received for publication September 14, 1950.

pounds (the folic acid antagonists and Bis) were
injected intraperitoneally from different syringes
in immediate succession. Aminopterin was admin-
istered at the maximum tolerated dose of 0.23
mg/kg; A-methopterin, which is less toxic, was in-
jected at the level of 2.0 or 3.0 mg/kg. In Experi-
ment No. 2, Table 1, B;: concentrate was injected
alone (0.06 mg/kg), to determine its effect on the
pattern of deaths from leukemia. The levels of By,
concentrate! and crystalline Bi2? used in other ex-
periments are indicated in Table 1. The detailed
results of all other experiments are also presented
in Table 1. These data have been further sum-
marized in Table 2.

DISCUSSION

The results of the cight separate experiments
(each with internal control groups) provide a com-
parison of 90 folic acid antagonist-treated mice
with 188 antagonist plus Bp-treated mice. The
partial reversal of the anti-leukemic activity of the
folic acid antagonists by B concentrate and
crystalline By, has been consistent, although not
nearly so marked as is produced by folic acid.

A statistical analysis of the data presented on
the partial reversal of A-methopterin by By; has
been carried out. The arithmetic mean of the life
span of leukemic mice receiving the antagonist
only (Exp. Nos. 3-7), when the two extreme ob-
servations (84 and 87 days) are eliminated, is
18.8 days. The mean life span of the mice receiving
A-methopterin plus By in the same series of ex-
periments is 16.2 days. A conventional “null” test
for the significance of the difference between the
two means shows that the discrepancy between
them (2.6 days) is so great that it could occur as a
result of chance about 1 time out of 100,000; thus,
the differcnce between the two means is not for-
tuitous, and the facts are not consistent with the
“null” hypothesis that the two are drawn from the
same parent population.

1By Squibb (a vitamin Bz concentrate derived from
Streptomyces griseus).

2 Crystalline Bi; Merck (Cobione).
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The possibility that the By; concentrate used in
these experiments contained folic acid or folic acid
activity has been examined. Microbiological as-
says of the folic acid content of the By, concentrate

antagonists in mice, it would be necessary to as-
sume that 0.00078 mg/kg of folic acid could pro-
duce the present results in order to explain these
data on a “‘contamination’ basis. The crystalline

TABLE 1
THE EFFECT OF VITAMIN B;; ON THE ANTI-LEUKEMIC ACTION OF FOLIC ACID ANTAGONISTS
Average
leukemic

Dosage Days from leukemicinoculation to death ife

Exp. no. Treatment (mng/kg) 6 7 8 91011121314 15 16 17 18 19 20 21 22 28 24 25 26 27 28 32 33 44 387 (days)
1 Contrels ... 2 4 4 9.0
Aminopterin 0.28 11 1 3 1 3 17.2
Aminopterin +Biz 0.28-+0.06 2 5 2 1 15.5

2 Comtrols ... 1138 38 2 8.4
12 0.06 2 4 4 8.6
Aminopterin 0.23 1 3 4 2 15.7
Aminopterin+Biz 0.23+0.068 1 4 1 3 1 14.5

3 Controls .. ... 2135 2 8.7
A-methopterin 3.0 2 1 1 2 1 1 1 1 21.0
A-~methopterin+Bi2 3.0-+0.06 8 1 2 4 15.4

4 Controls ... ... 31 1 4 1 8.1
A-methopterin 3.0 4 4 1 1 19.5

R A-methopterin+B1s 3.040.06 11 2 1 3 2 15.3

5 Controls ... 3 3 4 8.1
A-methopterin 2.0 11 ki 1 20.3
A-methopterin+Bis 2.04-0.06 1 1 7 16.1
A-methopterin+Bia 2.040.12 4 1 1 1 2 1 16.0

[ Controls ... 1 5 31 8.4
A-methopterin 2.0 1 1 4 11 2 19.4
A-methopterin --Biz 2.04-0.06 1 1 2 3 2 1 17.0

7 Controls ... ... 8§ 11 7.8
A-methopterin 2.0 2 311 21 16.9
A-methopterin-}-Biz 2.0-40.06 1 41 11 14.9

8 Comtrols ... .......... 3 511 8.0
A-methopterin 2.0 11 11 4 1 2 51 2 1 22.1
A-methopterin+Bie 2.04+0.06 1 3 2 41 211 3 11 20.4
A-methopterin4Biz 2.040.3 2 1 3 1 4 2 2 2 2 1 18.6
A-methopterin+Biz 2.0-4+0.6 1 11 21 2 21 21 2 3 1 18.5

Note: In Exp. Nos. 1, 2, 8, 4, 5, and 8, Biz concentrate was employed. In Exp. Nos. 6 and 7, crystalline Bz was injected.

TABLE 2

SUMMARY OF THE OBSERVA-
TIONS ON REVERSAL OF THE
ANTI-LEUKEMIC ACTION OF
FoLIC ACID ANTAGONISTS

Exp. R.C.I*

no.

.78
.84
.54
.63
.66
.65
.78
.79
.92
.84
.84

Tu s OO 00 =

LI

Av. (188 mice) 0.75
* Relative chemotherapeutic index—ratio of the per cent increase inlife

span of groups of mice treated with an antagonist plus Biz to the life span
of the groups treated with antagonist alone.

employed indicated almost no growth-promoting
activity for S. feecalis in the absence of folic acid.
The Bz concentrate was found to have about 0.13
per cent of the “folic acid activity” of commercial
folic acid. Sinee 0.06 mg/kg of the concentrate par-
tially reversed the anti-leukemic activity of the

Bis results further confirm the postulate that By,
acts to partially reverse folic acid antagonists.

It would appear from these results and those re-
viewed in the introduction of this paper that Bz in
some obscure fashion is helping to provide chemi-
cal moieties (nucleic acid precursors) which are
deficient in the leukemic cells of mice treated with
folic acid antagonists. Such an interpretation is
compatible with Shive’s observation that By, is in-
volved in the biosynthesis of purines (or deriva-
tives) as well as thymine in certain bacteria.

SUMMARY

A consistent but small reduction in the efficacy
of two folic acid antagonists in the treatment of
Ak 4 leukemia in Akm mice was observed following
the administration of vitamin Bis.
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It is known from the experimental work of
numerous investigators (9, 32, 85, 40) on skin car-
cinogenesis that surgically-induced cell regenera-
tion is able to cause an increase in tumor produc-
tion when properly combined with the action of a
specific carcinogen. As a general rule, the method
used to demonstrate this effect consists of treat-
ment of the skin by a suboptimal dose of a carcino-
gen, followed by excision or cauterization of a
small area of the treated skin. The subsequent
process of wound healing was found to have a defi-
nite enhancing effect on tumor formation (18, 19,
81, 40). Similar results have been obtained by the
use of nonspecific physical (10, 34) or chemical (2,
6, 18, 35, 37, 39) irritants instead of the surgically-
induced wound.

As a result of this work, the concept has been
developed that carcinogenesis proceeds in a series
of successive stages. Various ways of dividing the
carcinogenic processes into stages have been pro-
posed by several investigators (2, 3, 13, 23, 24,
36, 42). However, the primary hypothesis, com-
mon to all, first stated clearly by Rous (35), is the
existence of a stage characterized by the formation
of cells capable of forming tumors but not as-
serting themselves in this way unless stimulated to
do so. Noncarcinogenic irritants or wound healing
can act as stimuli during this stage. Thus, it ap-
pears probable that the mechanism of action of the
irritants is somewhat similar to wound healing in
the sense that both are phenomena involving cell
regeneration.

In previous work the relationship between rat
liver regeneration and carcinogenesis by p-dime-
thylaminoazobenzene was studied (16, 17). The
experimental procedure consisted of the induction
of vigorous regeneration by means of partial hepa-
tectomy in livers which were in the process of
evolution towards neoplasia after a limited ex-
posure to the azo dye. The increased ineidence of
tumors subsequent to regeneration was considered

* United States Public Health Service Research Fellow.
Received for publication September 29, 1950.

to reflect the impact of regeneration upon the
carcinogenie process.

The results of this work confirmed the concept
that carcinogenesis is not a continuous single
process but rather a series of successive cellular
changes. It was shown that during the evolution of
liver cells towards the neoplastic state and under
certain conditions a particular cellular state may
arise. This state was characterized by the fact
that, although no sign of neoplasia was apparent,
tumors developed rapidly when the cells were in-
duced to regenerate. The question arose whether
the age of the animals was one of the conditions
influencing the manifestation of the enhancing ef-
fect of regeneration upon the carcinogenic proc-
ess (17). Relative to this question, the findings of
MacNider (20) on the influence of age on both the
morphology and the biological properties of regen-
erating tissues would appear to have particular
interest. He found that the regencration process
which follows cell injury varies according to the
age of the animal. When epithelial tissues in young
animals participate in a process of repair, the type
of cell formed is normal and has no acquired re-
sistance to subsequent injury. When a similar type
of injury is produced in adult or senescent animals,
there is shown by such animals either an inability
to regenerate or a regeneration effected by an
atypical type of cell, resembling, in certain as-
pects, embryonic epithelium which in addition has
acquired a resistance to subsequent injury.

There exists a striking analogy between this
type of regeneration following injury in old ani-
mals and the first phase of chemical carcinogenesis.
In chemical carcinogenesis the immediate effect of
the application of the carcinogen is injury to the
tissue, followed by secondary regeneration. The re-
generated epithelium shows an increased resistance
to the toxic effects during further application of
the carcinogen. It is this regenerating epithelium
which forms the basis for the subsequent develop-
ment of neoplasia. This sequence of events is ap-
parent for both skin and liver carcinogenesis indue-
ed by either carcinogenic hydrocarbons or azo dyes,
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respectively (8, 29). Moreover, Miller and Miller
(22) recently demonstrated that with the continu-
ous administration of 4-dimethylaminoazobenzene
to rats an initial increase of bound aminoazo dye in
the liver is followed by a decrease with eventual
disappearance in the arising tumors. This growing
inability of the liver cells to bind azo dyes is very
likely related to their increased resistance to the
toxic effects of the azo dye.

Given these facts, one way by which more in-
formation could be obtained regarding the com-
plicated relationship between regeneration and
carcinogenesis would be the further study of the
properties of regenerating tissues, taking into
special consideration the factor of age. According-
ly, the tissue culture method was used in testing
the growth capacity of liver tissues before and
after regeneration was induced by partial hepatec-
tomy in rats of varying ages.

MATERIALS AND METHODS

A total of 41 male rats was used for this experi-
ment. Three experimental groups were formed: (2)
10 young animals, 4-8 weeks old; (b) 11 adult
animals, 4-8 months old; and (c) 12 old animals,
18-24 months old. These three groups were used
for a comparative study of normal and regenerat-
ing liver 72 hours after partial hepatectomy. A
fourth group, containing 9 animals ranging from
9 to 19 months of age, was used fora comparative
study of normal liver, regenerating liver at 72
hours, and regenerated liver at 45 days after
partial hepatectomy.

The experimental procedure employed on each
animal was as follows: A partial hepatectomy in-
volving the median and the left lateral lobes, or
68 per cent of the liver, was performed under
aseptic conditions. Part of the median lobe was im-
mediately explanted in roller tubes, according to
the technic of Gey (14, 15). Four tubes containing
six fragments each were set up from each liver.
The solid phase of the medium consisted of 10 per
cent balanced salt solution (Gey), 10 per cent
bovine embryo extract, 40 per cent human placen-
tal cord serum, and 40 per cent chicken plasma.
The liquid phase consisted of 16 per cent balanced
salt solution, 16 per cent bovine embryo extract,
and 66 per cent human placental cord serum. In
addition to this medium, two of the tubes received
streptomycin and penicillin, 50 units each. There
was no effect on the growth from these anti-
biotics.

In order to test the growth capacity of the liver
itself rather than to observe the long-range effect
on the tissue of the complex organic media used,
the observation period was limited to 6 days, with

individual observations every 24 hours and with-
out renewal of medium. The growth capacity was
estimated on an all-or-none basis, with the be-
ginning of fibroblastic outgrowth, which was found
always to precede epithelial outgrowth, the cri-
terion. Therefore, livers showing fibroblastic out-
growth within 6 days were considered positive;
those having no outgrowth, negative. In the cases
where growth occurred, the latent period, or the
interval between the explantation of the tissue and
the time the first fibroblasts were observed, was
taken into consideration.

In the first three experimental groups, 72 hours
after the partial hepatectomy, the rats were killed,
part of the regenerating right lateral lobe ex-
planted, and its growth capacity tested as de-
scribed above.

In the fourth experimental group, 72 hours after
partial hepatectomy, an exploratory laparotomy
was performed, and a small part of the right lateral
lobe was excised and explanted. The rats were
sacrificed 45 days later and observed as de-
scribed above.

In order to investigate the pattern of in witro
growth of rat liver tissues and the possible effect of
regeneration upon it, a number of cultures were
carried for longer periods—up to 2 months, with
renewal of the medium every 8 days.

RESULTS

Under the experimental conditions described
and with the eriteria used, it was found that the
growth capacity of normal rat liver is an inverse
proportional function of the age of the animal
(Table 1). The percentage of livers showing out-
growth dropped from 100 per cent, in the case of
young rats, to 45 per cent in the case of adults,

TABLE 1
LIVERS LIVERS Latent
LIVER RATS i Percentage| period in
explanted oﬂ’é’ﬁ’:% g Fours
Young t0 1O 100% 58
NORMAL | Adults I 5 45%| 82
old 12 1 8% | 96
0y
REGEN- Young 7 7 100% 31
ERATING Adults [N - 1 100% 33
old 8 8 100% 31

The growth capacity of rat liver is estimated on the basis
of (a) the percentage of explanted livers which showed out-
growth in zitro during a test period of 6 days after explanta-~
tion and (B) the latent period. The upper part of the table
shows the findings on the normal livers from () young rats
4-8 weeks of age; (b) adult rats 4-8 months of age; (c) old rats
18-24 months of age. The lower part shows the findings on the
game livers 72 hours after regeneration was induced by partial
hepatectomy.
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and to 8 per cent in the case of old animals. The
variability of the latent period and its tendency to
increase are also characteristic of the decline in
growth capacity with advancing age.

Regeneration has a marked effect on this rela-
tionship between age and growth capacity. The
percentage of regenerating livers which showed
outgrowth 72 hours after partial hepatectomy re-
mained at the figure 100 per cent throughout the
age groups. The latent period, 31-83 hours, also
showed a striking consistency in all age groups,
and its difference from the values of normal liver
was statistically significant.! Therefore, it appears
that the growth capacity of regenerating liver is
independent of the age of the animal.

It is known that at 72 hours after partial
hepatectomy the mitotic activity of the liver in
vivo is high. According to the work of Brues and
co-workers (4), 0.63 per cent of the liver cells are in
mitosis at 72 hours. In normal liver only 0.005 per
cent of the liver cells are in mitosis. Consequently,
the question arose whether the increased growth
capacity of the regenerating tissue in vifro was re-
lated to the active mitotic process which this
tissue was undergoing in vivo at the time of its
explantation. To answer this question, partial
hepatectomies were performed on a large number
of rats ranging in age from 9 to 20 months, and
their livers were explanted. From this group, nine
rats were chosen because their normal livers did
not grow in vitro. These rats constituted the fourth
experimental group in which the growth capacity
of regenerated liver was investigated 45 days after
the partial hepatectomy and therefore long after
the cessation of mitotic activity.

The results are shown in Table 2. Tt was found
that at 45 days, as well as at 72 hours, all nine
livers showed outgrowth. The latent period, how-
ever, in each individual case with the exception of
one (No. 8) had increased. Thus, the average
latent period of 80 hours was significantly differ-
ent from the 34-hour figure characterizing re-
generating liver 8 days after operation. These re-
sults indicate that the growth capacity in witro of
liver which has undergone regeneration does not

Ei—
2 2"
\/el—l—e2

©y average of one group and ¢ its standard error.

T2 average of second group and e, its standard error.

For the difference in latent period between normal young
liver and regenerating liver,

1 Significance factor: § =

P probability of difference as great or greater than that ob-
tained being due to chance.

depend on the mitotic activity in vive. The in-
creased latent period, however, showed that the
growth capacity under these conditions has a
definite tendency to decrease rapidly with time.

The study of the morphology and organization
of the cultures showed that during the first days
after explantation the patterns of growth of nor-
mal and regenerating tissues were identical (Fig.
1). In general, the cells grew out of the central
fragment in the following sequence: macrophages,
fibroblasts, and cells which appeared to be epi-
thelial but which could not be identified with cer-
tainty at this early stage.

TABLE ¢

RATS | nom LNER' REGENERATING REGENERATED
ot 72 hours ot 45 days

e | gt | o | | e | e [ o [ St
| 19 - - + 48 + 72
e 12| - - |+ [2a| v |oe
3 | 2 - - + 48 + 96
4 Jaafl - | T+ Tas |+ |72
5 | 12] - -+ [2a] + |22
5] 9 - i 24 + 48

7 s | - - |+ |24+ |72
8 i - - + 48 + 48
o || - | - |+ Taal+ |72
9 1 |2 - - + 341 + 80

Individual findings on nine rats, concerning the growth
capacity of their livers 72 hours and 45 days after the induc-
tion of regeneration. Average values are shown at the bottom
of the table.

In the large majority of cases differences in the
patterns of growth began to appear after 3 or 4
weeks of cultivation in vitro. At this time, in the
case of normal adult liver (Fig. 2), the macrophages
decreased in number, and the predominant cells
were fibroblasts which formed a network. Isolated
epithelial cells were also present and for the most
part could now be identified as liver cells because
of their large size and general morphology. The
growth of epithelial cells as isolated units was the
distinguishing feature of normal adult liver in
these cultures. On the other hand, the cultures of
regenerating liver from rats of all ages and of
normal liver from young animals were character-
ized by a far greater outgrowth of liver cells and a
definite tendency toward membrane formation
(Fig. 8). This tendency illustrated the organiza-
tion characteristic of regenerating and of normal
young liver and resulted in the formation of large,
loose epithelial sheets (Figs. 4, 5).
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DISCUSSION

The results on the decrease of the growth ca-
pacity in vitro of liver tissues with advancing age
are in good agreement with the work of Emmart
(11) on liver and of Carrel and other investigators
on other tissues (7, 12, 18). It is also known that
in vivo tissues display the same relationship be-
tween age and growth potential. The rate of
wound healing was shown by Lecomte du Notiy to
be an inverse proportional function of the age of
the organism (27, 28).

Previous work (5) on liver has shown that the
rate of liver cell restoration in vivo after partial
hepatectomy declines with the advancing age of
the animal. Marshak and Byron (21) in their
studies of regenerating rat liver demonstrated that
age delayed mitosis, i.e., the interval between
hepatectomy and the time at which mitosis
reached its peak incrcased with the age of the
animal.

The decrease of the growth potential with age
seems to be a universal phenomenon. In addition
to the above examples of tissues of higher organ-
isms, work on lower organisms supports this view
(1, 80, 88, 43). Decline of growth and regeneration
rates with increasing age in Crustacea has becn
recently described by Needham (26).

Our results show that regencration has a
marked effect on the relationship between age and
growth potential. Under the conditions used in this
experiment, regeneration resulted in complete
restoration of the liver growth potential of old rats
to the level of the young ones, as shown by the
dramatic increase of the growth capacity from 8 to
100 per cent. Moreover, it was shown that the
pattern of growth and organization of the colonies
of regenerating liver was similar to the colony
pattern of the normal resting liver of young rats.
Therefore, it seems reasonable to assume that the
qualitative difference in the patterns of organiza-
tion of normal young liver and regenerating liver
of all ages, on the one hand, and of normal adult
and old liver, on the other, is a manifestation of
the quantitative difference in their growth poten-
tial.

The increase of the growth potential brought
about by regeneration outlasts the regenerative
process itself. In old rats, the increased growth
potential of the tissues formed after partial hepa-
tectomy was still manifested 1 month after the
completion of regeneration. However, the in-

_creased latent period at this time seems to indicate
rapid aging of the regenerated tissue.

The effectiveness of cell multiplication and
growth ininterfering with aging processes was dem-
onstrated by Sonneborn’s work on the flatworm

Stenostomum (41). If growth potential may be
taken as an indication of age, an analogy may be
drawn between this experiment and the work of
Sonneborn in that regeneration of the liver of old
rats seems to result in a temporary rejuvenation
of the tissue.

In comparing this work with that of MacN ider
(20), some general conclusions may be drawn. Al-
though MacNider used toxic compounds to induce
regeneration and in this work partial hepatectomy
was used, both approaches indicate that cell re-
generation in young tissucs does not alter their
biological characteristics. ITowever, in old tissues
marked changes may appear as a result of re-
generation.

~ According to MacNider, administration of ura-
nium chloride to old dogs results in changes in he-
patic epithelium that arc correlated with the mor-
phology and with theresistance to toxicfactors. His
description of an atypical, flattened syncytial liver
epithelium resembling the embryonic type is cer-
tainly suggestive of a tissue of increased growth po-
tential. In this paper evidence of a substantial
increase in the growth potential of liver tissues
following partial hepatectomy in old rats has been
presented.

Although much further work is necessary to
clarify the role of age in carcinogenesis, these find-
ings suggest that the manifestation of the enhanc-
ing effect of regeneration upon the carcinogenic
process could be expected to be greater with the
increasing age of the animal.

SUMMARY

1. The growth potential of normal rat liver was
tested by means of the tissue culture method.
Under the experimental conditions used, the
growth potential was found to be an inverse pro-
portional function of the age of the animal.

2. The growth potential of regenerating rat
liver was found to be independent of the age of the
animal and of the same order of magnitude as that
of the normal liver of young animals.

3. The restorative effect of regencration on the
growth potential of liver of old animals outlasted
the regenerative process itself and was still ap-
parent 1 month after the completion of regenera-
tion.

4. Differcnces in the morphology and organiza-
tion of the colonies of normal liver at different
ages and of regenerating liver were described and
their relationship to growth potential considered.

5. The significance of these results with respect
to the general physiology of growth and carcino-
genesis was discussed.
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1. 1.--Living culture of normal liver from a young rat 6
weeks of age. Four days in sitro. Outgrowth coinposed of fibro-
blasts, macrophages, and rounded epithelial eells. X150.

Fri. 2. —Living culture of normal liver from an adult rat 8
months of age. Fighteen days in ritro. Qutgrowth composed
mostly of fibrohlasts and separated epithelial cells. X 150.

Fie. 8.~ Living culture of regencrating liver from the same
ral as in Figure 2. The liver was explanted 72 hours after
partial hepatectomy. Twenty days in witro. Cutgrowth com-
posed mostly of numerous rounded epithelial cells and an
epithelial membrane. X150.

Fia. 4. Living eulture of regenerating liver from an adult
rat 8 months of age. Thirty duys in rifro. Guigrowth composed
of extensive epithelial membrane. X150,

1. 5.—-Living culture of normal liver frons a young rat 6
weeks of age. Twenty days in eitro. Qutgrowth composed of
extensive epithelial nembrane with a few rounded cells lying
on 1t. X250.
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Anna (GOLDFEDER
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Graduate School of Arts and Science, N.Y.U., N.Y D)

The author is engaged in developing a classifi-
cation of tumors according to their rates of growth,
metabolic activities, and radiosensitivities. The
need and feasibility of such a classification arose
from the observations made in previous studies
(9, 10, 12), in which it was demonstrated that the
above characteristics may differ significantly even
among tumors of almost identical morphological
structure.

The purpose of the research reported herein is a
quantitative evaluation of growth activity in
tumors on a biological basis. As will be shown, the
usual external physical measurements, made with
a caliper, are not accurate criteria for judging
the growth rates of tumors, particularly in relation
to mitotic activity. For this investigation two
tumors which had been previously studied exten-
sively by the author were used. These were the
mammary tumors of the Bar Ilarbor strains of
mice, dba and C3H, both diagnosed as adeno-
carcinomas. For the sake of brevity, these tumors
will be referred to as the dbrB and C3H tumors,
respectively. A brief summary of the pertinent
characteristics of each will follow.

The dbrB mammary tumor has a latent period
of about 5-6 days, i.e., it reaches a size of about
6 mm. in diameter 5-6 days after implantation of
a tumor graft. Within the following 8 days, the
tumor increases rapidly in size, reaching a diame-
ter of about 20-80 mm., and kills the animal
within 8 weeks following implantation. The C3H
mammary adenocarcinoma has a latent period of
14-18 days upon implantation of a tumor graft.
The tumor increases in size slowly and kills the
animal within about 3 months.

The rates of growth of these tumors were origin-
ally determined in the usual manner, i.c., by exter-

* This study is part of a project on classification of tumors
according to their rates of growth, metabolic activities, and
radiosensitivities, which is supported by grants from the Na-

tional Cancer Institute, Public Health Service, and from the
Damon Runyon Memorial Fund.

Received for publication October 6, 1950.

nal measurement of two or threc dimensions with a
caliper. The question arose whether the difference
in the increase in size of the above-mentioned tu-
mors can be accounted for by a quantitative
difference in mitotic activity or by other factors.

To throw light on this problem, a procedure
which evaluates the growth activity of tumors on
a more quantitative biological basis than external
measurements alone is required. Such a pro-
cedure is particularly important for the evaluation
of tumor therapy. It was decided to test the ap-
plicability of the method devised by Chalkley to
the quantitative study of mitotic activity in tu-
mors (4). This method permits a quantitative
evaluation of spatial distribution of morphologic
tissue components in an extended volume of
tissue. It has been applied in studying the quanti-
tative relationships of various tissue components
by a number of investigators (2, 8, 5, 7, 14). How-
ever, to the knowledge of the author, it has not
been employed for studies of the nature herein
reported.

PART I

Tue DETERMINATION OF VOLUME RATIOS OF
Resting To Mrroric CeLis iN THE C3H
AND dbrB Tumors

EXPERIMENTAL

Small fragments of young, actively growing
dbrB and C3H mammary tumors, fixed in Zen-
ker’s solution and prepared in the usual manner,
were used. Sections of about 4 u in thickness were
cut and stained with hematoxylin and eosin, and
Feulgen. The latter has been helpful in identifying
cells in active division.

Originally, due to the complexity of tumor
tissue, several factors were chosen as criteria, such
as a number of “hits” on resting cells, on cells in
active division, on disintegrated cells, on hemor-
rhagic areas, and on empty spaces; but it was soon
realized that such a variety of factors made the
analysis too complex. The most reproducible
ratios obtained were those of mitotic to intact
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resting tumor cells. It was decided to use these
ratios as the criterion in the present study. The
term “mitotic cell,” as used in this paper, refers
to those cells in division, from the earliest recog-
nizable prophase to the separation of daughter
cells. The term “resting cell” includes those cells
which are intaet and not in active division.

TABLE 1

VOLUME RATI0S OF MITOTIC TO
RESTING CELLS OF

dbrB TUMORS
Number Age of
of tumor Mitotic
mouse (days) index™

I 5 1:43.8
II 10 1:53.8
11T 10 1:50.0
Iv 13 1:53.8
v 15 1:46.7

Averageof 5tumors  1:49.6

*Ratio of dividing to resting cells
in an extended volume of tissue.

Microscopic fields, showing intact portions of
the tumors, were chosen at random for analysis.
The number of mitotic cells hit during the count-
ing of 700 hits on resting tumor cells within these
intact portions formed the basis for the ratios.
The choice of 700 hits for individual analyses of
tumors is based on Chalkley’s original investiga-
tions, in which he demonstrated that stabilizing
ratios could be obtained from 500 hits, taking
nuclei and cytoplasm as objects (4). To be even
more precise, counts based on 700 hits were taken
as a criterion for this investigation. The ratio for
each tumor section so analyzed was obtained by
dividing the 700 hits on resting cells by the num-
ber of hits on mitotic figures. The data obtained
from five actively growing dbrB tumors are re-
corded in Table 1.

The reproducibility of the counts on one slide
studied by several individuals and the narrow
range of the results from five tumors of diffcrent
ages justify the reporting of these observations.

RESULTS

Analysis of the data in Table 1 reveals that the
volume ratios of mitotic to resting tumor cells
range from 1:43.8 to 1:53.8, the average being
1:49.6. The age of the tumor, i.e., the time elaps-
Ing from implantation of the tumor fragments to
the removal of the tumor for cytological analysis,
varied from 5 to 15 days. This period is the time
during which the tumor increases in size most
rapidly. The average increase in tumor size in five
mice within this period was 23 X 15 X 10 mm. The
relatively small variation of the volume ratios of
mitotic figures to resting cells of these five tumors

during their most active period of proliferation
seems to indicate that mitotic activity alone does
not entlrely account for the rapid increase in dbrB
tumor size. The presence of a considerable number
of cystic empty spaces in the tumor sections (Fi ig.
1) offers a poss1ble explanation for this sudden in-
crease in tumor size, which is not due to mitotic
activity. This point will be considered further in
the discussion.

Table 2 records the relative volume ratios of
mitotic to resting cells of five transplanted mam-
mary adenocarcinomas of the C8H strain of mice.
These ratios average 1 mitotic cell to 72.5 resting
cells, ranging from 1:63.6 to 1:87.5.

Since the C8H tumor is the more slowly grow-
ing one, these tumors are con51dembly older than
the dbrB tumors. The greatest increase in size
occurs within 8 or 4 weeks following implantation,
averaging about 9 X 7 X 6 mm. From the data
noted in Table 2, it appears that this tumor
(C8H) reaches a rather even growth activity
within 3 weeks following the latent period, as seen
from the ratios of mitotic to resting cells.

TABLE ¢

VOLUME RATIOS OF MITOTIC TO
RESTING CELLS OF

C3H TUMORS

Number Age of
of tumor Mitotic
mouse (days) index*
I 10 1:87.5
I 14 1:63.6
I 41 1:77.7
v 41 1:63.6
\% 57 1:70.0
Averageof 5tumors  1:72.5

* Ratio of dividing to resting cellsin
an extended volume of tissue.

PART 11

Tre DErERMINATION OF VoLUME RaTios oF REsting
10 Mirroric CeLts IN dbrB Tumors Forrowing
IrraDIATION

In studying the effects of irradiation, there is a
great need for an index evaluating the efficacy of
radiation on living tissues, particularly where
therapy of malignant tumors is concerned. It has
been shown that not all cells can be destroyed
outright, unless tremendous radiation doses are
applied. This information was obtained from ex-
periments carried out in tissue culture in vitro
(6, 8, 12, 13, 15) and in vivo (10). However, large
doses cannot be employed in #ivo in one exposure
due to the damaging effect on normal tissues, pri-
marily on the skin. Consequently, in radiation
therapy the total dose required for tumor destruc-
tion has to be divided, i.e., fractionated into
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smaller ones and applied within certain intervals
of time.

In applying fractionated treatments, one faces
the problem of permitting the uninjured tumor
cells to continue to grow and the partially injured
tumor cells to. recover before a subsequent radia-
tion dose is given. It is of importance, therefore,
to ascertain the extent of damage done to the
tissue and the extent of its recovery following each
radiation dose, in order to adjust the over-all time
within which the course of treatment should be
carried out and thus achieve the desired results. A
quantitative procedure for evaluating such a situa-
tion would be of great value. The satisfactory re-
sults obtained from the evaluation of growth activ-
ity of nonirradiated tumors by the use of Chalk-
ley’s method prompted the application of this
method to the study of irradiated tumors. The
dbrB tumor was selected for this experiment be-
cause of its more uniform rate of growth; for ex-
ample, its latent period is usually about 5-6 days.

Actively growing dbrB tumors, grown in dba
mice, were exposed, tn situ, to various doses of
x-radiation (the physical factors: 200 kv; 20 ma;
0.5 mm. Cu + 1.0 mm. Al filtration and HVL =
1.1 mm. Cu. The tumors were irradiated at a dis-
tance of 12.5 cm. from the x-ray source, and the
average intensity was 602 roentgens/min). The
irradiated tumors were excised within various
intervals of time following irradiation, and por-
tions from several areas were immediately fixed in
Zenker’s solution. With the routine procedure,
paraffin sections 4 u in thickness were stained with
hematoxylin and eosin, and Feulgen. Only intact
areas of the tumor section in the microscopic field
were chosen for analysis. This was done for two
reasons: First, it was deemed of greater sig-
nificance to know the activity of the intact por-
tions of tumor tissue remaining after irradiation
than to know how much had been destroyed; such
a criterion may serve as a guide in planning further
treatments with additional doses of irradiation.
Second, this was necessary in order to be able to
compare the results with those obtained from the
nonirradiated, control tumors for which the same
criterion was used.

In the irradiated tumors, as in the controls, the
number of mitotic cells hit during the counting of
700 hits on intact resting cells within the same
microscopic fields determined the ratios. No at-
tempt is made here to describe in detail the histo-
logic changes occurring in the tumors following
irradiation, because such changes have been de-
scribed elsewhere (10).

In Table 8 are recorded the results obtained
from five dbrB tumors irradiated with different

doses of x-rays and removed for analysis following
various intervals of time. Analysis of the data re-
vealed the following: A ratio of 1 mitotic cell to
41.0 resting tumor cells was found in intact por-
tions of an 11-day-old dbrB tumor 24 hours fol-
lowing exposure to 5,000 r. This ratio lies close to
the range noted in the control nonirradiated dbrB
tumors. Whether these cells escaped being hit by
x-rays or recovered following slight injury, or
whether they might have shown some effect later
on, known as a “delayed effect” produced by
radiation, cannot be determined at the present
time.

A ratio of 1 mitotic figure to 87.5 resting cells
was found in a dbrB tumor 13 days following ir-
radiation with 5,000 r. This ratio indicates a de-
crease in mitotic activity, as compared to the
average ratio of normal control tumors, which was

TABLE 3

VOLUME RATIOS OF MITOTIC TO RESTING CELLS
OF dbrB TUMORS FOLLOWING IRRADIATION

Number Post-
of Dose radiation Mitotic
mouse (roentgens) time index*
I 5,000 24 hours 1:41.0
II 5,000 18 days 1:87.5
11T 10,000 26 days 1:100
1A% 12,000 50 hours 1:87.5
\% 16,000 22 hours 1:850
* Ratio of dividing to resting cells in an extended volume
of tissue.

'1:49.6. A delayed effect of irradiation may be

indicated in this case.

As expected, with the increase of the x-ray
dose a decrease in mitotic activity occurred. A
ratio of 1:100 was calculated from a tumor 26
days following exposure to 10,000 r, indicating a
decrease in active proliferation of the intact por-
tions of the tumor as compared to the average
mitotic activity of control, nonirradiated tumors.
A ratio of 1 mitotic to 87.5 resting intact tumor
cells was found in a dbrB tumor 50 hours following
exposure to 12,000 r, and a ratio of 1 mitotic to
350 resting tumor cells was calculated from a tu-
mor 22 hours following exposure to 16,000 r.

As anticipated, there were variable amounts of
disintegrated portions in the irradiated tumors,
depending upon the dosage applied and the length
of time following irradiation. However, this was
not taken into consideration, because the main
interest lies, not in the amount of tumor tissue de-
stroyed, but in the proliferative potentialitics of
the tumor after irradiation.

The method was further applied to throw light
on the problem of “indircet effects’ of radiation

1 “Indirect effect’” as used here refers to the effect resulting
from toxic substances produced by irradiation and does not
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using mitotic activity as a criterion. The theory
advanced by some investigators concerning the
effects of radiation on living matter is that a
tumor situated in a region remote from the one
which is being irradiated might be affected indi-
rectly. For example, Ahlstrom et al., working with
phosphorus 32, showed changes in the nuclear
DNA in a tumor opposite the one which was ex-
posed to radiation (1). Such an “indirect effect”
of radiation is explained by the presence of toxic
substances circulating in the animal organism
which were produced by irradiation.

The problem of “indirect effects” of radiation
will not be discussed here. However, if such ef-
fects actually influence tumor growth, they
should be reflected in the mitotic activity. Since
detailed data bearing on these “indirect effects”
will be presented elsewhere, only one example
typical of these findings will be mentioned here.

A number of dba mice received grafts on both
sides, between the groin and subaxillary regions,
of dbrB tumor particles of similar size. The tu-
mors on both sides developed equally well in all
mice bearing implants, and the tumors situated on
the right sides of the mice were exposed to lethal
doses of x-radiation, while the rest of the animal
organism was protected by the device described
in a previous report (10). The example referred to
above is as follows: A tumor on the right sidere-
ceived a total dose of 20,000 r, applied in four ex-
posures of 5,000 r each, with a 24-hour interval
between each exposure. Six days following the last
treatment the tumor had regressed, and only some
scar tissue remained, while the untreated tumor
on the left side continued to increase in size (Fig.
). The latter was excised and fixed; sections 4 p
in thickness were stained for cytological study. A
ratio of 1 mitotic figure to 41.1 resting tumor cells
was found in these sections. This volume ratio of
mitotic to resting cells falls close to the range of
those ratios found in normal, untreated dbrB
tumors.

Numerous observations have been made in this
laboratory of continued growth of untreated
tumors, both adjacent to and remote from irradi-
ated tumors which regressed following radiation.
Examples of such observations were previously re-
ported by the author (10, 11). The present finding,
based on mitotic activity, is in accord with these
observations. This suggests that the supposedly
“indirect effect” of irradiation, presumably pro-
duced by toxic substances circulating in the organ-
ism was not, in this case, sufficient to destroy

refer to the other definition involving interference with the
vascular and connective tissue system of the tumor.

tumor cells or even to affect the rate of growth of
a tumor autogenous to the strain of the mouse.
The discrepancy between these observations and
those reported by Ahlstrom et al. may be due to a
different experimental procedure in irradiating the
animals.

SUMMARY AND CONCLUSIONS

Attempts were made to evaluate the rates of
growth of tumors before and after radiation on a
quantitative biological basis. Chalkley’s method,
which permits a quantitative evaluation of spatial
distribution of morphologic tissue components in
an extended volume of tissue, was used for this
study.

Two mammary tumors of the Bar Harbor
strains of mice, dba and C3H, both diagnosed as
adenocarcinomas and referred to in the text as
the dbrB and C3H tumors, respectively, were em-
ployed as test objects. Analysis of five dbrB
tumors yielded an average ratio of mitotic to rest-
ing cells of 1:49.6 (range: 1:48.8-1:53.8), while
analysis of five mammary tumors of the C3H
strain yielded an average ratio of mitotic to rest-
ing cells of 1:72.5 (range: 1:68.6-1:87.5). It is
indicated that the relatively greater increase in
size of the dbrB mammary tumor, as compared
to the C3H tumor, is due not only to the greater
mitotie activity of this tumor but also to its in-
herent secretory tendency, which produces en-
gorgement of the glandular lumina. Consequently,
it is thought advisable to take such a biological
characteristic into consideration in evaluating the
increase in tumor size as measured externally.

Volume ratios of mitotic to intact resting cells
of ive dbrB tumors, exposed to various doses of x-
radiation and removed following various periods
of time, are presented. Microscopic fields of
stained sections of intact portions of the tumor,
chosen at random, were used for analysis. A de-
crease in mitotic activity was noted which de-
pended upon the dose of irradiation applied and
the lapse of time between exposure and removal
of the tumors. For example, 1 mitotic figure to
41.0 resting cells was found in the intact portions
of a dbrB tumor 24 hours following a dose of
5,000 t; a ratio of 1:87.5 was found in another
dbrB tumor which received the same dose of
radiation but which was removed 13 days follow-
ing exposure. The ratio of 1:41.0 is very close to
the range of mitotic indices found in untreated
dbrB tumors, while the ratio of 1:87.5 indicates a
decrease in mitotic activity as compared to the
normal. A delayed effect is indicated.

The effectiveness of a large dose of radiation is
illustrated by the ratio of 1 mitotic figure to 350
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Fra. 1.—A section of dbrB tumor. Note the dilatation of
the lumina of the acinie structures, some of which still contain
mucoid material, and the empty spuces. X 260.

I'1G. 2—A mouse which received grafts in bolh subaxillary
regions of tumor particles. The tumor on the right side re-
gressed following x-radiation. Note epilation, regrowth of gray
hair and some scarring on this site. Note the continuous
growth of the untreated tumor seated in the left subaxillary
reglon.
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resting cells found in a dbrB tumor which was
removed and fixed 22 hours following irradiation
with 16,000 r.

The results obtained indicate the possibility of
applying Chalkley’s method to the quantitative
evaluation of growth rates of tumors, taking the
mitotic index as a criterion. This method also
proved helpful in evaluating the effectiveness of a
given dose of radiation on a quantitative basis.
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INTRODUCTION

It has been reported (1) that adenosine tri-
phosphate or muscle adenylic acid gave greater
blackening than yecast adenylic acid or sodium
glycerophosphate when used as substrates in the
Gomori test (4) for alkaline phosphatase on tissue
cultures of embryonic mouse skin and mouse
sarcomas T241 and Ma387. This finding has now
been followed by more detailed studies on a
variety of tumors and normal tissues from several
species. It was our intention to determine whether
or not malignant cells showed any consistent
deviation from normal cells in the relative sub-
strate specificity of their alkaline phosphatase.
Yor this purpose, results with muscle adenylic
acid were compared to those obtained with yeast
adenylic acid and sodium glycerophosphate.

Muscle adenylic acid is preferentially de-
phosphorylated by the enzyme 5-nucleotidase, de-
scribed by Reis (11, 12). Gulland and Jackson (6),
as well as Reis, observed that extracts rich in
5-nucleotidase activity rapidly attacked muscle
adenylic acid or inosinic acid but split such ma-
terials as yeast adenylic acid or glycerophosphate
much more slowly. The purine riboside-5-phos-
phate grouping found in muscle adenylic acid is
the specific substrate of the group I1 alkaline phos-
phatase enzymes of Newman and collaborators
(9). Tt has been observed by Gomori (5) that alka-
line phosphatase tests with muscle adenylic acid
give different results from those with glycero-
phosphate in paraffin sections of certain organs.
Hence, the studies reported below may be re-
garded as comparisons of the relative activities of
nonspecific phosphomonoesterase and 5-nucleoti-
dase.

The exactness of localization of alkaline phos-
phatase in the histochemical test has recently been
questioned (3, 7), with evidence brought forward

* This work was carried out with the aid of grants from
the American Cancer Society and the National Cancer
Institute, of the National Institutes of Health, Public Health
Service.

Received for publication October 9, 1950.

for the diffusion of the enzyme and its adsorption
on nuclear structures, resulting in a possibly false
picture of its distribution. With this in mind, one
may interpret the results reported here in two
ways: The intensity of staining on nuclear struc-
tures may be regarded either as bearing some rela-
tion to enzymatic activities on those structures in
life or as reflecting activity of diffusible enzyme
originating elsewhere in the tissue and adsorbed on
the nuclear structures after death. That is, the
interpretation is related to the tissue culture as a
whole, and with some doubt it may apply to
localized structures-as well.

It was found that the various tissues, when
cultured and fixed, showed different predilections
for the substrates employed. Most notable was the
considerably greater splitting of muscle adenylic
acid than of the other substrates by Sarcoma 180
cells. However, there was no correlation between
malignancy and the differential ability to attack
any given substrate. Results of tests for phos-
phatase activity in mitotic chromosomes were
paralleled by results in resting nuclei, in which
the nucleolar complex of plasmosome and nucleo-
lus-associated heterochromatin was specifically
under consideration.

MATERIALS AND METHODS

Cultures were made of tissues from three
species. The mouse tissues included sarcoma T241,
lung tumor Ma387, Crocker sarcoma 180, Ridg-
way osteogenic sarcoma, and Carcinoma 1025, as
well as four embryonic tissues: heart, skeletal
muscle, liver, and brain. The rat tissues planted
were sarcoma R39 and embryonic skin. The
chicken tissues included Rous sarcoma cells taken
from cultures on the chorioallantoic membrane,
and embryonic skeletal muscle, brain, and intes-
tine.!

Small fragments of these tissues about 1 or 2
mm. in diameter were planted from the animal on
coverslip inserts in flattened roller tubes. Each

1'We are indebted to Drs. K. Sugiura and D. A. Karnofsky
for certain of these materials.
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roller tube held two coverslip inserts, and there
were two or three explants on each coverslip,
usually of different tissues. The explants were
covered with a thin chicken plasma clot, and
clotted plasma was also used to hold the coverslips
to the roller tube wall. The incubation medium,
1 ml. per roller tube, was composed of 4 parts
Gey’s salt solution, 2 parts chick embryo extract,
1 part human placental serum, and 8 parts horse
serum, with initial pH at 7.4-7.8. This medium
contained 25 units each of penicillin and strepto-
myecin per milliliter. The cultures were incubated
at 87°C. for 1 or 2 days (i.e., until a sufficient
growth had been obtained) in a drum rotating 10
times per hour.

After being rinsed in physiological saline, cul-
tures were fixed in a solution suggested by Daniellt
(2). The fixative was composed of 70 parts ethyl
alcohol, 20 parts pyridine, 5 parts 87 per cent
formaldehyde, and 5 parts water. The fixative was
made up fresh and chilled to —20° C. before use.
The cultures were held in the fixative at this tem-
perature overnight or for several days before the
Gomori phosphatase test was carried out. Before
the test, the explants were removed from the
coverslips with fine forceps, with the zones of
growth being left.

For the test, the coverslip cultures were incu-
bated in Columbia staining dishes holding 10 ml.
of distilled water containing sodium barbital,
2.1 mM/1; calcium chloride, 15 mm/l; magnesium
chloride, 20 mm/1; and the substrate in concentra-
tions ranging in fivefold steps from 0.0003 to 5.0
mm/l. Control cultures were incubated in this
medium without an organic phosphaté substrate.
The pH of the medium was adjusted to 9 where
necessary. Incubation was for 19 hours at 37° C.
Thereafter, the coverslips were passed through 4
changes of 1 per cent calcium chloride and were
then exposed to 2 per cent cobalt chloride for 5
minutes, a running distilled water rinse for 30
seconds, a 1 per cent dilution of ammonium sulfide
by volume for 8 minutes, and a second running
distilled water rinse for % minute. After being
dehydrated in alcohol and cleared in xylene, the
preparations were mounted in a toluene-soluble
Tesin.

An attempt was made to estimate the extent of
blackening by means of a microphotometer. This
apparatus was patterned after that described
by Pollister and Ris (10) and made use of a
Photovolt photometer model 512 with a photo-
multiplier tube. Hlumination of Kéhler type was
furnished by a tungsten ribbon filament lamp and
was filtered through a glass water cell and a Cor-
ning blue daylight glass. The microscope condenser

diaphragm was opened to admit only axial illumi-
nation through a circle 3 mm. in diameter. Read-
ings were made with the slide under oil immersion.
A diaphragm beneath the photocell opening ad-
mitted only that light passing through a circle of
approximately 20 square p area in the object
plane.

In twenty nonmitotic cells taken at random in
a given culture, readings were made of the light
passing through a cylindrical portion of the cell,
including a nucleolus and associated heterochro-
matin. The nuclear membranes and a thin sheet of
cytoplasm above and another below the nucleus
were also in the path of light, it must be remem-
bered. With each such reading an additional read-
ing through an adjacent portion of the clot free of
cells was taken. The data in the tables are ratios
of the galvanometer deflection found with light
passing through the nucleus to that found in the
clot reading. -

Mean and standard error were determined for
the twenty observations through resting nuclei per
culture. In addition, readings in irregular numbers
were taken through mitotic figures at stages of
great chromosome condensation, namely, meta-
phase, anaphase, and early telophase.

Microphotometry was employed with reserva-
tions, which are mentioned in the discussion. Serv-
ing somewhat as a shorthand substitute for an
extensive photographic record, the photometric
data are to be regarded only as indications, with
little quantitative significance, of the extent of
blackening with the cobalt sulfide precipitate.
This, in turn, may reflect only crudely the actual
enzyme activity. Significant differences may well
be those restricted to extensive blackening on the
one hand and light browning or none on the other.

RESULTS

Results of some 5,000 observations with resting
nuclei are summarized in Tables 1-4. Mean ratios
of light transmission through a cylindrieal portion
of cell including some of the nucleus containing a
nucleolus are given for various concentrations of
the three substrates, together with standard
errors. Results with the lowest concentrations in
many sets are omitted from the tables to save
space, because they agree with control values.

The mouse tissues could be grouped into rough-
ly three classes with respect to their blackening
with the substrates. Crocker mouse sarcoma 180
was outstanding in the far greater ease with which
phosphatase activity could be demonstrated in
its fixed cells with muscle adenylic acid than with
yeast adenylic acid or glycerophosphate. Some-
what less pronounced in this same respect were
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TABLE 1

Mouse NORMAL TISSUES; RATIOS OF TRANSMISSION THROUGH NUCLEUS (NU-
CLEOLUS) TO THAT THROUGH ADJACENT CLOT

MuscLE YErasT GrycEro-
ADENYLIC ACID ADENYLIC ACID PHOSPHATE NoO SUBSTRATH
Coxc. Mean St.err. Mean St. err. Mean St. err. Mean St.err.
MOUSE EMBRYO SKIN: 0.9240.008
5.0 mM/1 0.281£0.015 0.48+0.020 0.631£0.028
1.0 0.50 0.029 0.70 0.027 0.77 0.018
0.2 0.44 0.019 0.82 0.014 0.92 0.005
0.04 0.46 0.041 0.92 0.007 0.92 0.009
0.008 0.94 0.007 0.96 0.005 0.89 0.010
MOUSE EMBRYO BRAIN: 0.88 0.017
0.04 0.39 0.030 0.47 0.045 0.88 0.0138
0.008 0.88 0.017 .82 0.011 0.95 0.007
MOUSE EMBRYO HEART: 0.89 0.016
5.0 0.48 0.020 0.49 0.024
1.0 0.41 0.019 0.69 0.022 0.53 0.028
0.2 0.43 0.023 0.62 0.034 0.44 0.031
0.04 0.55 0.026
MOUSE EMBRYO LIVER: 0.85 0.009
5.0 0.51 0.030 0.49 0.021 0.47 0.027
1.0 0.45 0.028 0.66 0.040 0.62 0.081
0.2 0.61 0.020 0.90 0.009 0.74 0.021
0.04 0.71 0.026 0.84 0.024 0.92 0.011
0.008 0.88 0.011 0.86 0.013 0.80 0.023
TABLE 2
MoUuse TuMOR TISSUES; RAT10S OF TRANSMISSION THROUGH NUCLEUS
(NUCLEOLUS) TO THAT THROUGH ADJACENT CLOT
MuscLE YEasT GLYcERO-
ADENYLIC ACID ADENYLIC ACID PHOSPHATE No SUBSTRATE
Conc. Mean St.err, Mean St. err. Mean St. err. Mean = St. err.
CROCKER SARCOMA 180: 0.73+0.013
5.0 mM/1 0.57+0.020 0.70+0.016
1.0 0.17+0.006 0.80 0.009 0.77 0.011
0.2 0.21 0.009 0.84 0.019 0.84 0.082
0.04 0.21 0.010
SARCOMA T241: 0.88 0.015
5.0 0.15 0.011 0.81 0.017 0.40 0.025
1.0 0.16 0.012 0.60 0.023 0.58 0.025
0.2 0.18 0.015 0.65 0.018 0.75 0.011
0.04 0.24 0.018 0.70 0.011 0.78 0.016
0.008 0.7 0.019 0.78 0.014 0.78 0.015
LUNG TUMOR MA387: 0.88 0.011
5.0 0.23 0.011 0.50 0.022
1.0 0.30 0.018 0.65 0.019 0.72 0.016
0.2 0.39 0.012 0.81 0.014 0.89 0.009
0.04 0.61 0.036 0.81 0.017
CARCINOMA 1025: 0.90 0.011
5.0 0.37 0.028 0.49 0.024 0.56 0.030
1.0 0.48 0.025 0.59 0.020 0.72 0.021
0.2 0.70 0.017 0.63 0.025
0.04 0.76 0.024 0.93 0.008
RIDGWAY OSTEOGENIC SARCOMA: 0.86 0.015
5.0 0.87 0.026 0.60 0.025 0.46 0.025
0.2 0.57 0.023 0.50 0.027 0.54 0.022
0.04 0.78 0.029 0.67 0.022 0.89 0.012
0.0016 0.83 0.013 0.91 0.007 0.81 0.008
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sarcoma T241, lung tumor Ma387, Carcinoma
1025, embryo skin, and embryo brain. All three
substrates were split with approximately equal
ease in the third group, which included mouse
embryo heart, liver, and skeletal muscle (for which
no photometric data were collected), as well as
Ridgway osteogenic sarcoma.

Fixed cultures of rat sarcoma R39 and rat
embryo skin each split the two adenylic acids to
about the same extent and glycerophosphate
nearly so.

Fixed cultures of chick embryo brain, intestine,
and skeletal muscle showed slightly but irregular-
ly greater blackening with the adenylic acids than
with glycerophosphate. Cultures of Rous sarcoma
cells exhibited only weak alkaline phosphatase
activity and a slight predilection, if any, for yeast
adenylic acid among the three substrates.

The above results with phosphatase reactions in
the nucleolus and associated chromatin in resting

nuclei were paralleled in great measure by results
with mitotic chromosomes. Photometric determi-
nations were made on sets of cultures of mouse
embryo skin, heart, and brain, and of Sarcoma 180,
Carcinoma 1025, and chick skeletal muscle. In the
results given in Table 5, each entry is the mean
of determinations on 8-15 different mitotic figures.

The parallelism of results between nucleoli with
associated heterochromatin in resting nuclei, on
the one hand, and mitotic chromosomes, on the
other, seen in a comparison of Table 5 with the
previous tables, appeared to extend to all tissues
planted, according to visual observations.

Most striking were results with Sarcoma 180
chromosomes. As with resting nuclei, Sarcoma
180 chromosomes were greatly blackened by cobalt
sulfide after incubation with muscle adenylic acid
but only weakly stained after incubation with the
other substrates. Figures 1-8 are photomicro-
graphs made under similar conditions of fixed cells

TABLE 8

RAT TISSUES; RATIOS OF TRANSMISSION THROUGH NUCLEUS (NUCLEOLUS)
TO THAT THROUGH ADJACENT CLOT

MuscLe Yzaar GLYCERO-

ADENYLIC ACID ADENYLIC ACID PHORPHATE No sUBSTRATE

Conce, Mean St. err. Mean St err. Mean St. err. Mean St, err.

RAT EMBRYO SKIN: 0.92+0.014
5.0 mM/1 0.57+0.024 0.75+£0.022
1.0 0.61 0.028 0.78+0.026 0.69 0.023
0.2 0.63 0.025 0.53 0.026 0.93 0.007
0.04 0.98 0.006 0.91 0.009 1.00 0.002

RAT SARCOMA R39: 0.94 0.007
5.0 0.26 0.028 0.26 0.028 0.47 0.040
1.0 0.35 0.041 0.26 0.032 0.37 0.042
0.2 0.58 0.011 0.38 0.042 0.56 0.042
0.04 0.57 0.032 0.62 0.055 0.99 0.002

0.008 0.91 0.012 0.92 0.008
TABLE 4

CHICK TISSUES; RATIOS OF TRANSMISSION THROUGH NUCLEUS (NUCLE-
OLUS) TO THAT THROUGH ADJACENT CLOT

Muscin YeasT GLYCERO-

ADENYLIC ACID ADENYLIC ACID PHOYPHATE No sUBSTRATE

Cong. Mean St. err. Mean St. err. Mean St, err. Mean St. err.

CHICK EMBRYO BRAIN: 0.86+0.012
5.0 mM/1 0.26+0.025 0.5410.035 0.41+0.028
1.0 0.32 0.023 .65 0.030 0.56 0.022
0.2 0.54 0.039 0.52 0.041 0.65 0.008
0.04 0.65 0.029 0.84 0.017 0.92 0.009

0.008 0.82 0.012 0.82 0.012

CHICK EMBRYO INTESTINE: 0.95 0.007
5.0 0.40 0.032 0.42 0.020 0.46 0.021
1.0 0.44 0.0138 0.51 0.026 0.63 0.016
0.2 0.61 0.025 0.53 0.008 0.87 0.008
0.04 0.94 0.007 0.93 0.005 0.91 0.005

CHICK EMBRYO SKELETAL MUSCLE: 0.93 0.007
5.0 0.56 0.028 0.71 0.029
1.0 0.63 0.018 0.82 0.017 0.81 0.021
0.2 0.92 0.003 0.71 0.01% 0.956 0.009

ROUS SARCOMA FROM CHICK EMBRYOS: 0.94 0.012
5.0 0.65 0.020 0.46 0.037 0.51 0.026
1.0 0.71 0.026 0.52 0.019 0.95 0.006
0.2 0.96 0.008 0.97 0.004 0.90 0.012
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of Sarcoma 180 cultures incubated with the same
concentration of the three substrates. The proc-
essing of the three photographs was identical.

A sharp contrast is furnished by the photo-
micrographs of embryonic mouse heart cells in
Figures 4-6. These cultures were on the same
coverslips as were the Sarcoma 180 cultures of
Figures 1-3, yet the heart cultures were nearly
equivalent in staining after all substrates.

Figures 718 illustrate the effect of change of
substrate upon some of the other tissues. Each
set of three figures from each tissue was prepared

TABLE 5
CHROMOSOMES; RATIOS OF TRANSMISSION THROUGH CON-
DENSED MITOTIC FIGURES TO THAT
THROUGH ADJACENT CLOT

MuscLE Yeast
ApenyLic  ApenNyLic  GLYCERO- No
ACID ACID PHOSPHATE BUBBTRATE
Conc. Mean Mean Mean Mean
MOUSE EMBRYO SKIN: 0.84
5.0 mMm/1 0.39 0.52
1.0 0.41 0.63 0.54
0.2 0.43 0.57 0.74
MOUSE EMBRYO HEART: 0.88
5.0 0.29 0.40
1.0 0.35 0.58 0.36
0.2 0.35 0.28 0.46
MOUSE EMBRYO BRAIN: 0.77
0.04 0.24 0.25 0.71
0.008 0.59 0.72 0.69
CHICK EMBRYO SKELETAL MUSCLE:
5.0 0.60 0.65
1.0 0.73 0.77
0.2 0.68 0.80
MOUSE SARCOMA 180: 0.80
5.0 ) 0.61 0.80
1.0 0.14 0.71
0.2 0.16 0.84 0.77
MoUSE CARCINOMA 1025: 0.87
5.0 0.21 0.29 0.43
1.0 0.31 0.538 0.47
0.2 0.54 0.50
0.04 0.61 0.89

by similar photographic processes. The differences
in density of background within each set are
probably related to differences in clot thickness
and staining, some of which may depend on
differences in quantity of diffusible phosphatase
in the clot derived from the cells.

Experiments of both groups I and II of New-
man and collaborators (9) on inhibitors indicated
the presence of enzymes in tissue cultures of Sar-
coma 180 and mouse embryo skin. The splitting
of muscle adenylic acid was hindered less than was
that of yeast adenylic acid by 10 mm/l sodium
cyanide in the incubation medium. There was less
difference in this respect in the presence of 250
mu/1 glycine. There were equally great inhibitions
with both adenylic acids after treatment of the
fixed cultures with 5 per cent trichloroacetic acid

at room temperature or with water at 80° C. for
10 minutes.
DISCUSSION

Increased objections have arisen of late to the
use of the histochemical test for alkaline phos-
phatase activity (3, 7) because of the possibility
that the enzyme or an intermediate product in the
reaction is not securely localized. If it were to be
accepted that much of the staining of nuclei in
this histochemical procedure is an artifact caused
by post mortem adsorption of diffusible enzyme on
nuclear structures (3), then interpretation of our
results would be considerably restricted. The data
on nuclear blackening would be meaningless as
far as nuclei are concerned and would serve to
indicate only crudely the relative amounts of the
diffusible enzymes originally present in the cul-
tures, subject to possible differences in adsorptive
capacity of the nuclei of the several tissues with
respect to any one enzyme.

However, it is noteworthy in our material that
the various tissues retained their characteristic
activity patterns despite the fact that cultures of
several different tissues were customarily planted
on each coverslip within a few mm. of one another.
Indeed, the substrate specificities supplemented
purely morphological means of detecting cells from
one culture that had wandered into the growth zone
of another (Fig. 19). A fixation artifact involving
movement of enzyme within the individual nucleus
was evident in cells on the coverslip beneath the
original explant, which was removed after fixa-
tion. In these nuclei, there was a movement of
phosphatase-positive material in the presumed
direction of movement of the fixative toward the
center of the explant. The enzyme movement was
apparently halted by the nuclear membrane (Fig.
20). This artifact was not evident in cells of the
growth zone, where our interest lay. It would ap-
pear that the movement of enzyme in our material
could not have been extreme under the conditions
employed.

The microphotometric apparatus served as a
convenient means of assessing the approximate
density of the stain. The results are to be regarded
at best as only coarse indications of relative en-
zyme activity. In many cases the several highest
concentrations of substrate gave equivalent small
deflections of the galvanometer, much as several of
the lowest concentrations caused equivalent great
deflections; with these lowest concentrations, as
with controls, light loss apparently occurred
largely because of structural light scattering and
because of the staining of preformed phosphate.
Frequently, only a few intermediate concentra-
tions caused an intermediate deflection of the
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Fre. 1.—Mouse Sarcoma 180 culture after alkaline phos-
phatase reaction with muscle adenylic acid, 0.2 mm/1. Meta-
phase at arrow. Mag. X600.

Frc. 2.—Sarcoma 180 culture after alkaline phosphatase re-
action with yeast adenylic acid, 0.2 mM/1. An early anaphase,
not discernible, is at arrow. Mag. X600.

Frg. 8.—Sarcoma 180 culture after alkaline phosphatase
reaction with sodium glycerophosphate, 0.2 mm/1. Anaphase
at arrow. Mag. X600. Photographic treatment was identical
with that of Figures 1 and 2.

Fig. 4.—AKm mouse embryo hearl. culture on same cover-
slip as Sarcoma 180 culture of Figure 1, after alkaline phos-
phatase reaction with muscle adenylic acid, 0.2 mm/1. Note
anaphase. Mag. X600.

Fra. 5—AKm mousc embryo heart culture on same cover-
slip as Sarcoma 180 culture of Figure 2, after alkaline phos-
phatase reaction with yeast adenylic acid, 0.2 mum/1. Meta-
phase at arrow. Mag. X600.

Fra. 6.—AKm mouse embryo heart culture on same cover-
slip as Sarcoma 180 culture of Migure 3, after alkaline phos-
phatase reaction with sodium glycerophosphate, 0.2 mm/1.
Anaphase at arrow. Photographie treatmenl was the same as
for Figures 1-5. Mag. X 600.

F1c. 7.—Mouse Carcinoma 1025 culture after alkaline phos-
phatase reaction with musele adenylic acid, 1.0 mm/1. Meta-
phase at arrow. Mag. X6006.

Frz. 8.-—Mouse Carcinoma 1025 culture after alkaline phos-
phatase reaction with yeast adenylic acid, 1.0 mm/1. Note
tripolar telophase. Mag. X 600.

Fra. 9.—Carcinoma 1025 culture after alkaline phosphatase
reaction with sodium glycerophosphate, 1.0 mm/1. Note tripo-

lar telophase. Photographic treatment was the same as for Fig-
ures 7 and 8. Mug. X600.

Fre. 10.—AKm mouse embryo skin culture after phospha-
tase reaction with muscle adenylic acid, 1.0 /1. Note ana-
phase. Mag. X600.

Fia. 11.—AKm mouse embryo skin culture after phos-
phatase reaction with yeast adenylic acid, 1.0 mm/1, Note
anaphasc. Mag. X600.

Fia. 12—AKm mouse embryo skin culture after phos-
phatase reaction with sodium glyeerophosphate, 1.0 mm/1.
Prometaphase at arrow. Mag. X600. Photographic treatment
was similar for Figures 10, 11, and 12.

Fra. 13.—Chick embryo skeletal muscle culture after phos-
phatase reaction with muscle adenylic acid, 1.0 mm/1. Telo-
phase at arrow. Mag. X600.

F16. 14.—Chick embryo skeletal muscle culture after phos-
phatase reaction with yeast adenylic acid, 1.0 mm/1. Meta-
phasc at arrow. Mag. X600.

Fre. 15.—Chick embryo skeletal muscle culture after phos-
phatase reaction with sodium glycerophosphate, 1.0 mm/1.
Metaphase at arrow. Photographic treatment. was the same for
Figures 13, 14, and 15. Mag. X600.

F1¢. 16.—Rous sarcoma cultured from chick embryo, after
phosphatase reaction with muscle adenylic acid, 1.0 mm/1.
Mitosis at arrow. Mag. X600.

IFic. 17.—Rous sarcoma culture after phosphatase reaction
with yeast adenylic acid, 1.0 mm/1. Mitosis at arrow. Mag.
X600,

I16. 18.—Rous sarcoma culture after phosphatase reaction
with sodium glycerophosphate, 1.0 mm /1. Photographic treat-
ment was the samne for Figures 16, 17, and 18. Mag. X 600.
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Fre. 19.—Sarcoma 180 cells (arrows) set off from cells of
embryonic mouse skin, among which they had wandered, by
greater blackening after alkaline phosphatase reaction with
0.2 mv/1 muscle adenylic acid. Mag. X600,

IF16;. 20.—-Fixation artifact in nuclei of AKim mouse skin
cells lying beneath original explant (now removed) when fixed.
Arrow points toward center of original explant and in direction
of presumned fixative movement. Phosphatase-active material
seems to have been halted in its movement by the nuclear
membrane. The cells at right edge were not beneath the ex
plant. Muscle adenylic aeid, 0.2 my/1. Mag. X 600.
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galvanometer. Possibly this situation might have
been improved if a translucent dye had becn
formed, instead of an opaque precipitate, as indi-
cator of enzyme activity (8).

The biochemical studies of 5-nucleotidase (6,
11, 12) have been followed by publications in
histochemistry indicating that such an enzyme is
an entity separate from mnonspecific alkaline
phosphomonoesterase (5, 9). Our present studies
support this view, by and large, with the most
cogent evidence being provided by the greater
splitting of muscle adenylic acid by fixed cells of
Sarcoma 180.

The differentiation with respect to favored sub-
strate cuts across groupings of neoplastic and em-
bryonic cells. It appears that it is not possible to
separate normal from malignant cells on the basis
of substrate specificity (so far as tested) of the
enzyme or enzymes demonstrated by means of
the histochemical reaction for alkaline phospha-

tase.
SUMMARY

1. Fixed cultures of various embryonic and
malignant tissues of the mouse, rat, and fowl have
been subjected to histochemical tests for alkaline
phosphatase.

2. The organic phosphates used as substrates
in these tests were muscle adenylic acid, yeast
adenylic acid, and sodium glycerophosphate.

3. The tissues differed from one another in the
extent of blackening in the resting nucleus (nucleo-
lus) with the various substrates.

4. Mitotic chromosomes gave results similar to
those obtained with resting nuclei.

5. Crocker mouse sarcoma 180 cells were out-
standing in their high dephosphorylation of muscle
adenylic acid and near failure to split yeast
adenylic acid and glycerophosphate.

6. Substrate specificity of alkaline phosphatase
(or relative activities of nonspecific alkaline
phosphatase and 5-nucleotidase) did not serve to
distinguish all malignant cells from all normal

cells.
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Influence of Diet on the Relative Incidence of Eye,
Mammary, Ear-Duct, and Liver Tumors in
Rats Fed 2-Acetylaminofluorene®

R. W. ExceL anp D. H. Coperannt

{(From the Department of Animal Husbandry and Nutrition, Agricultural Experiment Station
of the Alabama Polytechnic Institute, Auburn, Ala.)

INTRODUCTION

In 1948 it was reported from this laboratory (4)
that the feeding of 2-acetylaminofluorene to wean-
ling female rats on a semi-synthetic diet produced
a 100 per cent incidence of mammary tumors—a
much higher incidence than had been reported by
other investigators. Following these observations,
studies were initiated to determine whether or not
modification of the diet would influence the tumor-
inducing action of this chemical. It has already
been reported that varying the riboflavin content
of the diet had no influence on mammary tumor in-
duction and that the inclusion in the diet of a syn-
thetic detergent, or of teropterin, slightly en-
hanced the rate of tumor formation (5). More
recently, results were obtained indicating that
high levels of dietary protein were protective
against the induction of mammary, ear-duct, and
liver tumors by 2-acetylaminofluorene. The omis-
sion of fat from the diet markedly inhibited mam-
mary tumor induction but promoted the induction
of tumors of the eye (2, 8). It is the purpose of this
report to describe the eye tumor, the dietary con-
ditions that promote its induction, and to present
data that emphasize the importance of growth
rate for the induction of mammary tumors by
2-acetylaminofluorene.

MATERIALS AND METHODS

Weanling female rats of the AES strain were
used; they weighed from 85 to 65 gm. and varied
from 19 to 23 days in age. The animals were kept
in individual screen-bottomed cages; feed and

* Published with the approval of the Director, Alabama
Agricultural Experiment Station. This work was supported in
part by grants from the Nutrition Foundation, Inc., New York
City, from the American Cancer Society on the recommenda-
tion of the Committee on Growth of the National Research
Council, and from the National Cancer Institute.

{ The authors are indebted to H. L. Stewart, Senior
Pathologist, National Cancer Institute, for assistance in the
interpretation of the microscopic material.

Received for publication October 23, 1950.

water were supplied daily ad libitum, unless other-
wise indicated. Records were kept of the amount
of feed consumed during the first 16 weeks of the
experiment. The diets were prepared at about 20-
day intervals and were kept refrigerated.

The composition of the various diets is given in
Table 1. Carotene, tocopherol, and calciferol were
dissolved in normal hexane; the 2-acetylamino-
fluorene was dissolved in acetone; these solutions
were mixed into the dry ingredients of the diet
prior to the addition of fat and the solvents al-
lowed to evaporate. The remainder of the vita-
mins, in a water solution, and the fats were then
mixed into the diet with the aid of a mechanical
mixer.

The animals were thoroughly examined for sur-
face tumors once weekly and were usually con-
tinued on experiment until they died. At post mor-
tem examination all tumors and other grossly ab-
normal tissues were preserved and carried through
routine procedures for histologic study.

RESULTS

Eye tumors.—Eye tumors were induced with
varying frequency in rats on the low fat diets con-
taining 0.03 per cent 2-acetylaminofluorene. The
data are summarized in Table 2. Out of a total of
31 rats recciving the various low fat diets ad
libitum, 10 developed eye tumors——an incidence
of 32 per cent. The highest incidence occurred
among the rats receiving diet C-98. This diet,
which produced eye tumors in six of eleven ani-
mals, was sufficiently low in fat to induce a mod-
erate dermatitis indicative of essential fatty acid
deficiency near the end of the experimental period
of 34 weeks. Eye tumors did not appear in any of
the 71 animals receiving the diets containing 15—
30 per cent lard (Table 2).

During the course of these studies, it was ob-
served that very poor body weight gains were
made by the animals receiving the low fat diets
containing 0.03 per cent 2-acetylaminofluorene.
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Average body weights after the 16-week experi-
mental period were only about 100 gm. In con-
trast, body weights of 175-200 gm. were usually
attained in 16 weeks by the animals receiving
similar diets containing from 15 to 30 per cent lard.
To determine whether or not the development of
eye tumors was favored by depressed growth rate,
diet C-186 (low fat) and diet C-187 (high fat) were
pair-fed, so that the intakes of calories, carcinogen,
protein, minerals, and vitamins by the animals on
these two diets were equal. Although two of the
six animals receiving the low fat diet developed
eye tumors, no eye tumors were observed in the
six animals on the high fat diet. Despite the equi-
caloric feeding, the animals on the high fat diet
gained about 20 gm. more body weight than those

on the low fat diet during the first 16 weeks of the
experiment.

The average induction time for the eye tumors
was 28 weeks. These tumors originated in the
retrobulbar region of the orbital cavity. They
were of a firm consistency and usually attained a
size of 1-2.5 cm. in diameter in 2-8 weeks after
they were first detected. Only one eye was involved
in every case. The gross appearance of the eye
tumor is shown in Figure 1. It was found to be
closely associated with the harderian gland and
probably arose from this gland. In some cases the
growth of these tumors was so extensive as to oc-
cupy completely the orbital cavity with involve-
ment of the eyelid. In such cases the eye was usu-
ally completely destroyed. In cases where the

TABLE 1
PERCENTAGE COMPOSITION OF THE DIETS

Dier INGREDIENT C-5 C-96
Water-extracted casein® 9 9
Vitamin-test caseint
Degerminated corn grits 20 20
Alcohol-extracted peanut meal]

Sucrose 50.67 86.67
Salts 5§ 4 4
L-cystine 0.3 0.3
Lard 15 80.0
Cod liver oil 1

Corn oil

2-Acetylaminofluorene|| .03 .03

Vitamin supplements

B-carotene (mg.) 0.6
Calciferol (ug.) 12.5
Vitamin E# (mg.) 5 5
B-vitamin solution™* (ml.) 5 5

Diet No.
C-94 C-98 C-127 C-181 C-186 C-137
9 6
12 16 12 16
20
30
66.67 59.87 83.17 51.57 83.67 51.56
4 4 4 5.3 4 5.3
0.8 0.1 0.3 0.4 0.3 0.4
26 26.7
0.5 0.7
.03 .03 .03 .03 .08 .04
0.5 0.5 0.5 0.7 0.5 0.7
12.5 12.6 12.5 16.7 12.5 16.7
5 5 5 6.7 5 6.7
[ 5 & 6. 5 6.7

* Commercial casein percolated for 5 days with water acidified with 0.20 per cent acetic acid overnight and finally washed with 95 per

cent ethanol and dried.
t General Biochemicals.,

1 Forty-five per cent protein meal percolated for 1 week with hot methanol.

§ J. Nutrition, 83:155-68, 1947.
| Obtained from Eastman Kodak Co.
# Equal parts of alpha-tocopherol and alpha-tocopherol acetate.

** The B-vitamin solution contained the following in milligrams per & milliliters: thismin and pyridoxin, 0.2 each; riboflavin, 0.4; calcium

pantothenate, 1.0; niacin, 2.0; inositol, 20; and choline chloride, 200.

TABLE 2

TUMOR INDUCTION BY 2-ACETYLAMINOFLUORENE IN WEANLING RATS
RECEIVING DIETS WITH AND WITHOUT FAT

ANIMALS Foop
Dier Av. Av. daily
Fat Av. body weight survival intake Tumors
content Initial 16-weck time per rat No. of animals with
No. (per cent) No. (gm.) (gm.) (weeks) (gm.) Mammary Ear-duct Liver Eye
C-5 16 62 47 176 28 6.6 46 29 40 0
C-96 30 38 53 184 7 6.0 3 2 2 0
C-94 0 8 55 1056 29 4.8 0 5 7 1
C-98 [} 11 51 91 34 5.0 1 5 4 6
C-136* 0 6 48 104 31 5.8 0 6 5 2
C-137t 26 (] 44 127 31 4.4 0 5 2 0
C-127 0.5 6 46 114 31 6.6 1 2 5 1
C-131 26 6 46 200 31 7.2 6 3 4 0

* Animals on diet C-186 cach roceived 0.20 ml. of corn oilonee weckly as a source of essential fatty acids.
+ Animalson diet C-187 were restricted in food intake so that the consumption of total calories, vitamins, minerals, protein, and 2-acetylamino-

fuorene was equal to that of theirlitter mates receiving diet C-136.
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tumors were smaller, the eye could be dissected
free of tumor tissue.

Microscopic studies of slides prepared from the
eye tumors revealed that they were carcinomas,
although there was considerable variation in the
cellular structure (Figs. 2 and 3). Glandlike ar-
rangements suggestive of adenocarcinoma were
found in some areas, and in other areas the ar-
rangement was almost suggestive of sarcoma. The
prominent cell type was a relatively large round
cell with a hyperchromatic nucleus. There were
variations to oval and odd-shaped nuclei. The cells
were closely packed, with only a small amount of
connective tissue stroma. There were numerous
mitotic figures. Numerous lymphatic spaces with
tumor cells packed closely around them were ob-
served (Fig. 8). Local invasion of musele tissue is
illustrated in Figure 4. Tumor emboli were ob-
served in blood vessels in the orbital region (Fig.
5), and metastases to the lung were observed in
two of the ten eye-tumor cases (Fig. 6).

Mammary tumors—The incidence of mammary
tumors was extremely low among the animals
receiving the low fat diets. Only 2 of the 31 ani-
mals developed this type of tumor (Table 2). In
contrast, mammary tumors occurred in 55 of the
71 animals that received the diets containing 15—
30 per cent lard. However, when a 26 per cent lard
diet (diet C-137) was fed at a restricted level so
that poor growth ensued, mammary tumors were
completely inhibited. Thus, the poor body growth
regularly observed in animals consuming 2-acetyl-
aminofluorene in low fat diets could be responsi-
ble for failure of mammary tumors to develop. A
relatively rapid growth rate is apparently essen-
tial for the uniform induction of mammary tumors
by 2-acetylaminofluorene in weanling rats. This is
further emphasized by the results obtained with
diet C-5 (Table 3). All the 62 animals represented
in these data received diet C-5 and served as con-
trols in a series of studies designed to test the im-
portance of various modifications of dietary vita-
min levels on mammary tumor induction by 2-
acetylaminofluorene. In Table 8, the body weights
of these animals at 16 weeks have been grouped
in ascending order. The body weights ranged from
144 to 235 gm. It is obvious from the data in Table
3 that the rats which made the more rapid weight
gains also more consistently developed mammary
tumors. Twenty-six of the 27 rats, weighing 176
gm. or more at 16 weeks, developed mammary
tumors. In contrast, only 20 of the 35 rats, weigh-
ing 175 gm. or less at 16 weeks, developed mam-
mary tumors.

The variation in weight gain among the rats
receiving diet C-5 could not be attributed to dif-

ferences in initial body weight. The 85 slowly
growing rats had an average initial weight of 47
gm. as did the 27 rapidly growing rats. The dif-
ferences in gain likewise could not be traced to any
particular litters. The individual variations in
gains exhibited by the data in Table 8 could be
attributed directly to variations in total feed
consumed.

The average induction time for mammary tu-
mors was 19 weeks. The average induction time
for the rats weighing less than 176 gm. at 16 weeks
was 20 weeks (range, 12-30 weeks), as compared
to an average of 18 weeks (range, 15-27 weeks)
for those weighing more than 175 gm. at 16 weeks.
However, with the wide variations apparent in

TABLE 3
INFLUENCE OF WEIGHT GAINS ON TUMOR
INDUCTION BY 2-ACETYLAMINOFLUORENE

No. OF RATS WITH

Boby weient Mam-  Ear-

Initial 16 Weeks No.or mary duct  Liver
(gm.) (gm.) RATS tumor tumor tumor
49 155 or less 8 4 4 6
45 156-165 13 4 9 7
47 166-175 14 12 7 10

Subtotal 35 20 20 23
48 176-185 9 9 5 8
45 186-195 6 5 1 3
46 196-205 6 6 2. 2
49 206 or more 6 6 1 4

Subtotal 27 26 9 7

Total 62 46 29 40

both groups, the significance of this difference is
questionable.

Other tumors.—Tumors of the ear duct devel-
oped in an average of 24 weeks. This type of tumor
appeared to develop less frequently under condi-
tions of rapid growth associated with high feed con-
sumption and a high incidence of mammary tu-
mors (Table 3). For example, only 4 of the 18 most
rapidly gaining rats on diet C-5 had ear-duct
tumors. In contrast, 25 of the 44 more slowly grow-
ing rats on this diet developed ear-duct tumors.

The development of liver tumors did not ap-
pear to be influenced by changes in dietary fat
level. The rate of growth of the animal likewise
did not appear to influence the induction of liver
tumors. No attempts were made to establish the
induction time for internal tumors.

Three unusual types of tumors were observed
among the animals receiving diet C-5. One rat
had a tumor on the lateral aspect of the buceal
cavity, another rat had a kidney tumor, and a
third rat had an intestinal tumor.

DISCUSSION
The appearance of eye tumors in rats fed low
fat diets and the absence of this type tumor in rats
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Fra. 1.--Phaotaograph showing the gross appearance of a
Lumar of the arbital cavity of a rat fed a low fat diet containing
0.03 per cent 2-acetylaminofluorene.

5. 2.—Photomicrograph illustrating the gencral histology
of a tumor of the orbital cavity (harderian gland). Note the
“glandlike™ arrangement of the cells and the numerous mitotic
figures. Hematoxylin and eosin. X375.

Fia. 3. Photonierograph of a section from another area of
the tumor showing closely packed tumor cells around a lymph
vessel, Hematoxylin and eosin, X350,

16, 4.— Photomierograph of a section of the saie tumor to
iHustrate the loeal invasion of muscle tissuc by the tumor cells.
Hematoxylin and cosin. X875.

F16. 5.—Photomicrograph of a seetion through a blood ves-
sel which contains # tumor embolus in the orbital region of the
rat shown in Figure 1. Hematoxylin and eosin. X 325.

Fr. 6.—Photomicrograph of a scction of lung from the rat
shown in Figure 1 llustrating metastasis of the orhital tumor
(hurderian gland tumor) to the lung. Hematoxylin and eosin.
X 325.
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receiving similar diets with fat indicate that the
site of action of 2-acetylaminofluorene in the ani-
mal body can be influenced by diet. Eye tumors
induced by feeding 2-acetylaminofluorene appar-
ently have been observed only rarely by other in-
vestigators using this carcinogen. Biclschowsky
(1) reported a cancer of the eyelid in one animal
in a series of studies which included several hun-
dred animals. A detailed description of this tumor
was not given. Morris and associates (6) reported
a transplantable tumor involving the harderian
gland, which was originally induced by feeding 2-
acetylaminofluorene and thiouracil. The type of
diet fed was not mentioned in either of these re-
ports. That tumors can be produced in the eye of
rats by 2-acetylaminofluorene should perhaps be
expected in view of the results of Weisburger and
associates (8). These workers observed that the
harderian gland accumulated appreciable quanti-
ties of this carcinogen after the C'*labeled com-
pound was administered to rats.

One of the requirements for mammary tumor
induction by 2-acetylaminofluorene in rats ap-
pears to be that the animal must grow at a normal
or nearly normal rate. Underfeeding and caloric
restriction are known to inhibit the induction of
various types of spontaneous and induced tumors
(7). A lowered caloric intake, probably due to the
presence of the carcinogen in the diet, explains the
lowered incidence of mammary tumors in slowly
growing rats in the present study. Furthermore, a
diet known to produce a high incidence of mam-
mary tumors when fed ad libitum produced no
mammary tumors when fed at a restricted level.
The ear-duct tumor incidence appeared to decrease
when diets were used that promoted rapid growth
(high caloric intake) and produced a high inci-
dence of mammary tumors. A high caloric intake
did not appear to be essential for the induction of
either ear-duct or liver tumors.

The present results thus indicate that the type
of diet fed and the quantity consumed can have a
very definite influence upon the site of action of
2-acetylaminofluorene.

SUMMARY

Eye tumors, presumably originating in the
harderian gland, were induced in 10 of 81 weanling
rats fed 0.03 per cent 2-acetylaminofluorene on
low fat diets for 7-8 months. Rats fed such diets
made very poor weight gains. Attempts to induce
eye tumors by feeding fat-containing diets ad
libitum or at a restricted level of caloric intake
were unsuccessful. Whether or not fat was present
in the diet, mammary tumor induction was greatly
decreased when the animals made poor weight
gains. Conditions that favored mammary tumor
induction, rapid growth, and high caloric intake
appeared to decrease the induction of ear-duct
tumors. The type or quantity of diet consumed
had little or no influence upon the induction of
liver tumors. The results emphasize that the site
of carcinogenic action of 2-acetylaminofluorene
can be markedly influenced by the type and quan-
tity of dict fed.
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Spontaneous Thyroidal Tumors in the Swordtail
Xiphophorus montezumae’

Ausrey GorBMAN AND Myron Gorpont

(From the Departments of Zotlogy, Barnard College and Columbia University, and the New York Zoblogical Society, N.Y.)

Early studies of the thyroid tumors of trout
(8-5) have demonstrated the relationship between
iodine supply and hyperplastic growth of thyroid
cells. Experimental work with fishes provided
much of the background for the present under-
standing of the etiology of human goiters. In con-
trast with encapsulated mammalian goiters, how-
ever, hyperplastic thyroids in fishes are remark-
able for their invasive reaction to surrounding tis-
sues. This apparently invasive property of unen-
capsulated fish thyroidal cells and follicles led
earlier workers to consider the glandular tumors as
“carcinomas” (1). However, later work showed
that the regression of thyroidal tumors in trout
could be induced by adding iodine to the water in
which the fish were maintained (3).

Spontaneous thyroidal tumors have been re-
ported in at least eighteen species of fresh-water
and marine fishes. Like trout, all of them have
been observed under cultivation in aquaria or in
fish hatcheries (6). While the goiters in fresh-water
forms are often caused by a low iodine supply in
the water or food, this explanation hardly seems
applicable for salt-water species which live in a
relatively iodine-rich environment and which feed
upon such iodine-rich foods as ocean shrimp and
clams (6). The morphologies of thyroidal tumors
in fishes are all quite similar.

In this report we propose to describe a spon-
taneous thyroidal tumor of high incidence in a
species of Mexican fresh-water fish, the swordtail,
Xiphophorus montezumae. Qur knowledge of the
environmental conditions under which these tu-
mors develop makes it possible to suggest certain
generalizations concerning their natural history
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and genetics. In addition, we have attempted to
obtain an estimate of the degree of dysfunction of
the tumorous thyroid tissue by means of the abil-
ity of these fish to utilize radioactive iodine. This
was recorded autographically.

METHODS

The original stock of Xiphophorus montezumae
was obtained in 1939 from the headwaters of the
Rio Axtla in the Mexican state of San Luis Potosi.
Laboratory-bred stocks were propagated in 5-, 10-,
or 20-gallon aquaria. These contained plants of
the genera Nitella, Cryptochoryne, and Sagittaria,
the rooted aquatics being planted in clean, coarse
gravel. The overhead daylight illumination was
filtered through the glass of the skylight. The
water in the aquaria was originally obtained from
the common New York City supply. Once utilized
for aquarium purpose the water has been used over
and over again for 10 years. From time to time
aerated tap water is added to a common reservoir
of the conditioned water. Other closely related fish
species were kept in the laboratory under virtually
identical conditions and management including
the following: two species of Xiphophorus, X.
pygmaeus and X. helleriz; and four species of
Platypoecilus, P. maculatus, P. ziphidium, P.
variatus and P. couchianus. A small colony of
Lebistes reticulatus was maintained. All fishes were
fed the same diet: a fresh-liver-Pablum-cereal-
mixture (2), live tubificid worms, and dried,
shredded ocean shrimp. In addition, particularly,
during the first 2 months of life, the fishes were
given live Daphnia and Aulophorus.

After eight generations of rather close inbreed-
ing (but not by brother-sister mating) numerous
montezuma swordtails (X. montezumae) developed
pronounced pinkish swellings in the region of the
isthmus (i.e., between the bones of the lower jaw)
(Fig. 1).

A number of montezuma swordtails with exter-
nally visible thyroidal tumors were fixed. Others
were isolated and kept under close observation.
Fixation in Bouin’s fluid made special decalcifica-
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tion procedures unnecessary. The lower jaws and
the adjacent region of fourteen of these fish, some
with and some without tumors, were serially sec-
tioned for detailed microscopic study.

Eight tumor-bearing animals were placed in
1-liter aquaria containing 25-50 uc. of carrier-free
radioiodine, I'%, for 24 hours. The serial sections of
their entire lower Jaws were exposed to squares of
No-screen x-ray film, and radioautographs were
prepared from them.

Morphology of thyroidal growths—Gross ex-
amination of mid-sagittal sections revealed the an-
terior and posterior limits of the tumors which
measured about 4 X 5 mm. Anteriorly, the thy-
roid was always only slightly forward of the gill-
bearing visceral arches. Posteriorly, masses of thy-
roid tissue surrounded the base of the ventral
aorta and the bulbar portion of the heart, extend-
ing almost as far back as the auricle. The tongue,
which was much enlarged and consisted almost
entirely of thyroid tissue (Fig. 8), extended dor-
sally nearly to the roof of the mouth. Ventrally,
the thyroid tissue grew through the muscular mass
of the lower jaw, between the elements of the
visceral skeleton, and formed a nodular bulge
clearly visible on the lower side of the head at the
isthmus. Externally this characteristic swelling
appeared pink and made identification of thyroid-
tumorous fish an easy task. Laterally, thyroid tis-
sue spread into the gills and to the bases of the
opercula. The fairly loose connective tissue ap-
peared to offer little resistance to the spread of the
growth.

Penetration or invasion of the walls of the
large aortic branches was not seen. However, the
large masses of thyroidal tissue, apparently under
some pressure due to expansive growth, enveloped
the bulbar heart, the aorta, and aortic branches of
the gills, probably impairing the efficiency of the
vascular channels and thus interfering with the
respiratory demands of the body.

In addition, tumor tissue penectrated the gills
from below. The degree of gill involvement in vari-
ous fish appeared roughly proportional to the size
of the tumor growth. The tumor might, therefore,
be regarded as a progressive type. In spreading
into a gill the proliferating thyroid tumor cells
caused the epithelium to pull away from its skele-
tal and vascular elements. The involved secondary
gill filaments, enlarged by the tumor tissue, were
found in various stages of pressure against one an-
other and, finally, coalescence. Nests of gill epi-
thelium were thus buried within thyroidal tumor
masses. The epithelial cells in such nests were
pyknotic. The available respiratory epithelium
was radically reduced in this way, and it is prob-

able that the expanding tumor growth imposed a
real physiological burden upon the fish, destroying
the efficiency of the gills as respiratory organs.
This may contribute greatly, if not to a major ex-
tent, to the death of the tumor-bearing fish.

The tumors, though unencapsulated, appeared
surprisingly regular at their peripheries, especially
along the posterior border. Elsewhere, broad or
narrow tongues of tumor tissue, arising from the
main mass, invaded normal areas of the body. The
penetration of muscle appeared never to be di-
rect, but the invasion followed the endomysial
connective tissue septa. In the process the muscles
were divided into successively smaller units and
finally isolated into individual musele fibers. Such
fibers appeared to undergo shrinkage and loss of
cross striations. Scemingly, they finally degener-
ated completely, for only a few of the isolated
muscle fibers were found imbedded in the main
tumor mass.

Completely separated elements of the visceral
skeleton also were found buried, and in a degenera-
tive state, within the thyroid tumor (Figs. 2 and
3). Most cartilage and bone cells were pyknotic.
Thyroid cells almost always were found within
bone cavitics. Eroded fenestrae in the bones (Fig.
2) were found, through which entry of the thy-
roidal tissue was apparently gained. Many tumor-
imbedded fragments of bone were greatly reduced
in size and abnormal in shape, giving further evi-
dence of erosion. This relation between bone and
the thyroid tumor implies that either (a) the bone
undergoes some sort of autolytic change when iso-
lated in this way, or (b) the thyroidal tissue itself
has an crosive effect on bone.

The microscopie structure of the hypertrophied
thyroid tissue was not uniform. Although the main
mass of thyroid was microfollicular or afollicular,
there was considerable variation in cell size and
colloid content (Fig. 2). Afollicular areas of thy-
roid were usually located in the medullary portion
of the tumor. Ilowever, in arcas where penetration
of neighboring tissues was in progress, especially in
the gills, afollicular cells were found at the periph-
ery. The individual cells were larger than in nor-
mal thyroidal tissue, and even though no follicular
organization was obvious, the nuclei in most in-
stances were eccentric in position. Frequently the
cytoplasm was somewhat vacuolated and con-
tained ecosinophilic droplets of colloid-like sub-
stance.

Microfollicular areas in the tumor merged with
the afollicular portions. The smallest follicles in
such areas were less than 20 x in diameter. Each
consisted of a few cells grouped about a small drop-
let of colloid, or about a tiny empty lumen. The
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constituent cells of microfollicular portions of the
tumor were quite similar to those of the afollicular
parts and they appeared to be virtually as “inva-
sive.”” They, too, were found within bones and in
the gills.

In the tongue region the tumorous tissue fre-
quently was less dense than in other parts. Here
edematous spaces clearly separated the small folli-
cles or individual cells. Some of the spaces were en-
dothelium-lined, and, hence, seemed to be enlarged
lymph channels. Seemingly in response to freedom
from immediate pressure of neighboring cells,
there was a rounding up of the cells within a small
area. Under these circumstances the rounded cells
of an afollicular thyroid region resembled young
adipose tissue of the “brown fat” type.

There were relatively few follicles of approxi-
mately normal size, morphology, and colloid con-
tent. They occurred in groups either near the edges
of the thyroidal growths, or especially near their
posterior borders (Fig. 2).

Cystic follicles were found in the tumor of one
animal only. The lumina of the ¢ystic area, which
was at the anteroventral end of the tumor, were
irregular in shape, and some were in communica-
tion with one another through a series of gaps. The
epithelium was cuboidal, and the lumen contained
a scanty eosinophilic material, stringy in texture.
The general histology of this cystic area resembled
that of the mammalian seminal vesicle.

A few hemorrhages were found within the thy-
roidal tumors. They usually were associated with
numerous pigment-laden macrophages.

Radioautographs—The radioautographs of all
afollicular, microfollicular, and cystic areas of the
tumors were very weak, indicating that iodine ac-
cumulation in these areas was hardly, if at all,
greater than in nonthyroidal areas (Fig. 3). This is
in contrast to the behavior of thyroid tissue in
unaffected fishes. However, evidence of approxi-
mately normal intensity of iodine storage was seen
on most radioautographs in small spots at the
periphery of the tumors. These dark autographs
were found to have been made by the relatively
few apparently normal follicles still present in the
thyroidal growths.

DISCUSSION

In morphological features, at least, the thy-
roidal tumor of Xiphophorus montezumae is quite
similar to the thyroidal “carcinomas” of trout and
similar tumors of other fishes. The similarity ex-
tends, furthermore, to the fact that the tumors de-
veloped in a group of captive animals. We have no
information concerning the incidence of such tu-
mors under natural situations, except that among

hundreds of specimens collected in the field from
various tributaries of the Rio Axtla, no externally
visible thyroidal tumors were seen.

One seemingly significant difference between
the tumors of X. montezumae swordtails and those
of trout is in respect to the age at which they de-
velop. The thyroidal tumors of trout were rela-
tively large in young animals. They diminished or
even regressed completely (8) in older trout, if the
animal survived beyond a critical point. In X.
montezumae the growths did not appear until the
animals had reached almost adult size, and they
increased in size until the death of the diseased
fish.

Some of the circumstances attending the devel-
opment of the tumors seem worthy of considera-
tion, since they further define the character of the
growths. While the thyroidal tumors of trout ap-
pear to form in goitrogenic response to a low con-
centration of iodine in the environment (3, 6), this
does not appear to apply to X. monfezumae. Dried
ocean shrimp, which composed a large part of the
diet of our aquarium-reared fishes, have a high con-
tent of iodine and actually had a curative effect
upon the thyroidal tumors of trout studied by
Marine (3). It is conceivable that our laboratory
stock of X. montezumae has an extremely high
iodine requirement—one which exceeds its dietary
supply.

In our laboratory the following species kept
under the identical dietary and environmental con-
ditions develop thyroidal tumors very rarely:
Xiphophorus pygmaeus, Platypoecilus maculatus,
and P. xiphidium. The tumors have never been
found in Xephophorus hellerii, Platypoecilus varia-
tus, or Platypoecilus couchianus. In nature, X.
montezsumae, X. pygmaeus, and P. variatus are
found living together occasionally in the Rio Axtla
at Axtla, San Luis Potosi, Mexico. X. monte-
sumae’s greater susceptibility, whether or not it is
due to a higher exogenous iodine requirement,
may, therefore, be mediated by a specific genetic
difference.

SUMMARY

In a laboratory population of swordtails (Xi-
phophorus montezumae) obtained originally in 1939
from the Rio Axtla in Mexico, a high incidence of
spontaneous thyroidal tumors has been observed.
In two other species of Xiphophorus, four species of
Platypoecilus, and in Lebistes reticulatus, kept un-
der identical conditions, thyroidal tumors are very
rare or are never seen.

The thyroidal tumor is not uniform in micro-
scopic structure, consisting of areas of normal fol-
licles, very small follicles, nonfollicular cell masses,
and a few cystic follicles. It has the property of
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Fra. 1.—Two adult Xiphophorus montezumae, u female on
the left, a male on the right. Both have thyroidal tumors. The
tumor of the male is visible as an outgrowth below the jaw.
In both the opercula are lifted away from the head due to
the infiltration and thickening of their bases.

Fig. 2.—Section of thyroidal tumor. All normal tissuc
beneath the mucosal epithelium (top) has been supplanted by
thyroidal tissue. Two bones are visible in this section (middle
and left). Both have been perforated, and contain thyroid. The
only follicles which metabolize radiciodine (revealed by auto-
graph in Fig. 3) are the large ones at the top c¢dge of the
growth, just beneath the mucosal epithelium (near point 4
in Fig. 3). A few degencrate muscle fibers are visible as very
dark spots about the diameter of a small thyroid follicle. The

large blood vessels are branchial vessels. The remainder of the
growth is mostly microfollicular, with several afollicular areas
(near center).

F16. 8.—Section of the entire lower jaw (left) of the same
animal as in Figure 2, and the radioautograph (right) made by
this section. In the photomicrographs of both the section and
the autograph, corresponding points A, B, (', and D have been
placed for refercnce. The area 4-C-D is the much enlarged
tongue. The area to the right of the line B-(" is the portion of
the tumor which projects visibly externally as a dimple on the
lower side of the jaw (sce Fig. 1). Most of the growth does
not metabolize iodine normally. A few follicles at or near the
edge of the growth produce a normal autograph. Parallel and
posterior to (below) the line A-(’ are several bones and bases
of gill arches.
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invading bone. By gradually filling the visceral
arches it apparently interferes with respiration,
contributing finally to the death of the fish.

In radioautographs of thyroidal tumors of
swordtails given radioactive iodine it appears that
the few normal follicles are normally functional in
respect to iodine metabolism. The remaining areas
of the tumor, on the other hand, seem to lack this
ability to a large extent.
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The Distribution and Excretion of Stilbamidine-C'" in Mice

James C. Rem* anp Joan C. WEAvER

(From the Radiation Laboratory and the Division of Medical Physics, University of California, Berkeley, Calif.)

A number of diamidines, of which Stilbamidine
(stilbene-4, 4/-dicarboxamidine) has been the most
widely employed, have been found useful in the
treatment of trypanosomiasis, leishmaniasis, and
infected wounds in humans, and of babesiasis in
animals. In addition, some indication of anti-
malarial activity in birds and monkeys has been
obtained. These applications have becen reviewed
by Rosenberg (12). In 1946 Snapper introduced
the use of Stilbamidine in the treatment of
multiple myeloma. In many patients the drug
causes relief of bone pain. In the cytoplasm of the
plasma cells which are responsible for this malig-
nant neoplastic disease, there is a deposition of
granules containing a Stilbamidine salt of ribo-
nucleic acid; and this is particularly true in those
patients with high serum globulin. The nucleic
acid is thought (18) to have been displaced from
cytoplasmic nucleoprotein by Stilbamidine, and
Kopac (11) has demonstrated the occurrence of
such a dissociation of protamine nucleate by Stil-
bamidine #n vitro. The granules have not been ob-
served in the other cellular components of the
marrow of patients treated with the drug, and this
fact has led to the suggestion (13) that the plasma
cells contain nucleoprotein which is different from
that of normal cells in that it is more readily dis-
sociated by Stilbamidine. If it is true that the up-
take of Stilbamidine by the plasma cells is greater
than that by other cells, and if the differential is
sufficiently great, it should be possible to irradiate
selectively the plasma cells by the administration
of Stilbamidine containing a sufficiently high con-
tent of a radioactive isotope.

This paper describes the synthesis of Stilbami-
dine containing carbon 14 and a study of its dis-
tribution and excretion in mice. These experi-
ments are preliminary to others aimed at deter-
mining whether selective irradiation can be
achieved by administration of the radioactive
drug to patients with multiple myeloma. The
Stilbamidine, synthesized by the reaction se-

* Pregsent address: National Cancer Institute, National
Institutes of Health, Bethesda 14, Md.

Received for publication October 80, 1950.

quence shown in Chart 1, was prepared as the salt
of isethionic acid, which, because of its easy
solubility, is the form in which the drug is cus-
tomarily administered.

PROCEDURE
SYNTHESIS OF RADIOACTIVE STILBAMIDINE DIISETHIONATE

Isethionic acid.—Barium isethionate was pre-
pared from diethyl sulfate and fuming sulfurie
acid (6). An aqueous solution of the salt was ex-
actly neutralized with sulfuric acid, and after
removal of barium sulfate the solvent was evapo-
rated in vacuo at room temperature. The white,
highly deliquescent residue was dried in high
vacuum.

Sodium cyanide-C't.—Isotopic sodium cyanide
was prepared as an aqueous solution containing
excess sodium hydroxide by reduction of 10 me. of
radioactive barium carbonate with sodium azide
(1). The yield was 60 per cent.

Cuprous cyanide-C*.—Radioactive cuprous cya-
nide was prepared from cupric sulfate and isotopic
sodium cyanidein the presence of bisulfite. Bisulfite
serves to reduce the cupric ion (3); without it the
cupric ion is reduced at the expense of cyanide,
half of which is lost as cyanogen. The reaction
vessel was a 40-ml. conical Pyrex centrifuge tube,
fitted with a three-hole rubber stopper. Through
the respective holes were inserted a scaled stirrer,
the stem of a small separatory funnel, and a gas
outlet tube. The outlet tube was connected to an
absorber containing alkaline permanganate to
catch any cyanogen which might be formed. Into
the centrifuge tube was placed a solution of 1.50
gm. (6.00 mm) of cupric sulfate pentahydrate in
10 ml. of water acidified with 8 drops of 6 M sul-
furic acid. The separatory funnel received 15 ml.
of a solution containing 3.85 mm of radioactive
sodium cyanide and 1.00 gm. (3.97 mm) of sodium
sulfite heptahydrate. The solution was about
0.5 M in sodium hydroxide. A drop of phenol-
phthalein was added to this solution, followed by
enough 6 M sulfuric acid to discharge the pink
color. The solution was added dropwise to the
cupric sulfate while the mixture was stirred vigor-
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ously. A white precipitate of cuprous cyanide
formed rapidly, and after 15 minutes a current of
air was drawn through the apparatus to carry any
gaseous products into the permanganate. The
cuprous cyanide was collected by centrifugation,
washed with water, and vacuum-dried. The yield
was 0.350 gm., 100 per cent based on cyanide.
The yield in this step was ordinarily about 80 per
cent. The produect was not removed from the
centrifuge tube, which was used as the reaction
vessel in the next step.

4, 4"-Dicyano-Ct-stilbene—The dinitrile was
prepared by reaction between radicactive cuprous

CU_++
HSOa_

Conversion of the nitrile to the imidoester.—The
dicyanostilbene was transferred to a 15 X 150
mm. Pyrex ignition tube which was then con-
stricted near the mouth. Water introduced by the
glass-blowing lamp was removed by attaching the
tube to a high vacuum line for 5 minutes. To the
contents of the tube were then added 5 ml. of
C. P. chloroform and 0.5 ml. of C. P. methanol
(2). The mixture was saturated at 0° with dry hy-
drogen chloride, and the tube was sealed. It was
then rotated mechanically for 60 hours at room
temperature. The tube was opened, two volumes
of ether was added, and the mixture was trans-

BaC0; + NaNs——Ba (CN) s—— > Cus (CN)

Cuz(éN)“LBrC >CH=CH©Br Pyridine Né©0H=CHC >éN
HCl
CH,0H
ﬁ\IH ’I[\IH - ﬁ\THzCl 1”\TH2C1
NG TN = EtOH ‘— o

CH.O0HCH,SO;H
!NH

M |
é/:\ ya

Q__/CH= CH< >€NH2+————CH30(*:< >CH = cn@éocm

\/CH =CH\_>E§NH2 - 2CH;0HCH,SO,H

CHART 1

cyanide and 4,4'-dibromostilbene (2). To the
cuprous cyanide was added 665 mg. (1.95 mm) of
dibromostilbene, and the solids were mixed with a
porcelain spatula. One ml. of dry pyridine was
then stirred in, and the mixture was refluxed 1.5
hours (bath temperature 190°-210°). The mixture
was cooled somewhat, 2 ml. more pyridine was
added, and the mixture was refluxed 5 minutes
longer. It was then cooled almost to the point of
solidification, and 9 ml. of concentrated hydro-
chloric acid was added. Lumps were broken up
by thorough stirring, and the mixture was centri-
fuged. After threc washes with 2-ml. portions of
concentrated hydrochloric acid, followed by three
2-ml. portions of water, 471 mg. of pale yellow
product was obtained, melting at 265°-272°. This
material was used in the next step without further
purification.

ferred to a centrifuge tube, which was capped to
exclude moisture. After being washed twice with
dry ether by centrifugation, the yellow imidoester
dihydrochloride was dried in high vacuum; it
weighed 590 mg. The product was used in the
next step without further purification.

Stilbamidine ditsethionate.—The imidoester was
transferred to a 15 X 150 mm. Pyrex ignition
tube, and the neck was constricted far enough
below the mouth to avoid introduction of water
from the flame. Into the tube was introduced 10
ml. of a 10 per cent solution of anhydrous am-
monia in absolute ethanol, and the tube was
sealed. After being heated 36 hours at 60°, the
tube was opened and the contents collected by
centrifugation. The white product weighed 410
mg. after being washed with two 5-ml. portions of
dry ether and dried in high vacuum.
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Purification was effected by conversion of the
diamidine to the dihydrochloride, followed Dby
reprecipitation of the free base. To accomplish
this, the amidine, still contained in the centrifuge
tube in which it was collected, was thoroughly
moistened with 0.5 ml. of concentrated hydro-
chloric acid, and the mixture was diluted with 5
ml. of water. The mixture was warmed to 60° and
centrifuged. The supernatant solution was pi-
petted into an Erlenmeyer flask, where it de-
posited yellow crystals of the hydrochloride on
cooling. The residue in the centrifuge tube was ex-
tracted repeatedly with water and the supernatant
solutions added to the flask. As each new portion
was added to the contents of the flask, more hy-
drochloride separated, salted out by the relatively
high concentration of hydrochloric acid in the solu-
tion. When this criterion showed that nothing
more was being dissolved from the residue in the
tube, the entire procedure was repeated. The
second extraction produced a small additional crop
of hydrochloride. The Stilbamidine dihydro-
chloride was then precipitated more completely
from the solution by addition of concentrated
hydrochloric acid to raise its concentration to
about 2 M.

The pale yellow hydrochloride was collected on
a filter, sucked as dry as possible, dissolved in
8 ml. of water, and the solution was treated with
charcoal and filtered. From the nearly colorless
filtrate, cooled in ice, the free base was precipitated
with 6 M ammonia. The white product was
centrifuged, washed once with a cold water, and
dissolved without delay in a solution of 0.63 gm. of
isethionic acid in 2 ml. of water. A slight residue
was removed, and Stilbamidine diisethionate was
precipitated by adding 20 volumes of acetone.
The product was dissolved, reprecipitated, and
dried. The pale yellow product weighed 278 mg.
(34 per cent based on imidoester) and melted
with decomposition and evolution of gas at 308°-
312° (uncorr.). The over-all yield, based on cya-
nide, was 19 per cent.

Analysis: Cale. for CioH2s0sNS: C, 46.50; H,

5.46; N, 10.08; S, 12.4;

Found: C, 47.41; H, 5.30; N, 10.17; S, 13.0.

The specific activity was 5.0 pec. per milligram.

Anmvar PrRocEDURES

Bagg albino mice, 1-1% years old, weighing be-
tween 26 and 32 gm., were given single intra-
venous injections into a tail vein of 0.4 mg. of
labeled Stilbamidine diisethionate dissolved in
0.05 ml. of isotonic saline. The dose, in terms of
radioactivity, was 4 to 5 million disintegrations
per minute. Immediately after the injection, each

mouse was placed in an individual metabolism
cage designed to permit quantitative collection of
the exhaled carbon dioxide in alkali as well as
separate collection of urine and feces. The food and
water supplies were arranged in such a way that
they could not become contaminated by radio-
active excreta. Urine and feces were collected from
most of the mice at intervals for the first 4-6 days.
Thereafter, animals were occasionally returned to
the cages for collection periods of 24-96 hours.
When not in a metabolism cage, cach mouse was
kept in a separate cage in order to prevent cross-
contamination from another mouse.

At various intervals after injection animals were
anesthetized with ether, and as much blood as
possible was drawn from the ventricle or inferior
vena cava. Residual blood was removed from the
tissues by viviperfusion with isotonic saline, and
the carcasses were dissected immediately. Bile was
obtained from the gall bladder and marrow from a
femur or, occasionally, the ilium. The intestines
were washed to remove the contents. Tissues,
feces, and blood were dried in vacuo, and in all
cases radioactivity values are given in terms of dry
weight of residue. Each tissue or an aliquot was
burned in a combustion train to carbon dioxide,
which was converted to barium carbonate and its
radioactivily measured (4). Urine aliquots were
allowed to dry in a porcelain boat and were then
burned in the combustion train. It was found that
the Van Slyke-Folch wet combustion method (14)
failed to break down completely the Stilbamidine
in a reasonable length of time. Most of the
measurements were made with a Nucleometer,
but some of the more weakly active specimens
wereassayed in an ionizationchamber (10) attached
to a vibrating reed electrometer and a Brown re-
corder.

RESULTS

Toxicity and radiation ¢ffects.—Of 31 mice in-
jected, the first 5 died immediately. Thereafter,
the injection was made slowly over a period of 2
minutes. When this technic was used no mice died
from the effects of the drug. One died of an unde-
termined cause 7 weeks after injection. No other
spontaneous deaths occurred. One animal is living
and healthy 11 months after injection, and two
others are healthy 7 months afterward. No in-
stances of diarrhea, anemia, epilation, hemorrhage,
or other evidence of radio-biological effects were
observed.

Respiratory excretion.—Excretion of radioactive
carbon dioxide was measured in six mice. Two of
the animals excreted minute amounts of radio-
active carbon dioxide during the first 24 hours,
the total excretion amounting to less than 0.2 per
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cent of the administered dose. In three others there
was no detectable excretion of radioactivity in the
24 hours. Two of the three were observed for 4
days after injection and failed to excrete de-
tectable amounts of isotope in the breath during
this time. In order to rule out a delayed excretion
of activity by this route a 24-hour collection was
made of the bireath of another mouse 2 weeks
after injection, again with a negative result.

Excretion in the urine and feces—The urinary
excretion data are averaged from a total of
twenty animals and the fecal data from eighteen
animals. The points on the cumulative curve for
urinary excretion (Chart 2) for the first 8 days are
based on the following number of animals for each
successive 24-hour period: 11, 9, 7, 8, 8, 3, 3, and 6.
For fecal excretion: 10, 10, 7, 7, 6, 2, 2, and 4.

Large amounts of radioactivity were found in
both urine and feces, the total fecal excretion dur-
ing the first 8 days being more than 50 per cent
greater than the urinary. The rate of urinary
excretion reached a maximum during the first 24
hours (17 per cent of injected dose), while the
fecal peak occurred during the second 24 hours
(14 per cent of injected dose). Cumulative excre-
tion curves are shown in Chart 2. By the end of
the second day 50 per cent of the Stilbamidine had
been excreted in the urine and feces combined,
and 70 per cent was lost by the end of the fourth
day. After the eighth day, excretion was less than
1 per cent of the administered dose per day, and
by the 30th day about 97 per cent of the injected
activity had been excreted. After 14 months, the
concentration of radioactivity in the excreta was
too low to be measured by the Nucleometer.

Tissue distribution.—Table 1 shows the concen-
tration of radioactivity in the tissues and Table 2
the total radioactivity. The highest concentration
appears in the kidneys, followed in order by the
liver, heart, lungs, and intestines, with smaller
concentrations in the other tissues. The distribu-
tion pattern is established within the first 2 hours
and does not change substantially thereafter, al-
though the differentials tend to decrease.

We have no data on the rate of plasma clear-
ance of Stilbamidine, but it is interesting that in as
little as 2 hours after administration there was
only a minute trace of radioactivity present in the
red cells or plasma.

Tt may be seen that the specific activity in the
marrow is relatively small, but a trace of activity
is still present 6 months after administration.

The ovaries contained relatively little activity
at any period, but there was a small amount of
residual activity at the 2-month level. The 6-
month mouse was the only male in the tissue

distribution series. The testes at this time con-
tained a trace of activity (0.01 per cent of the in-
jected dose in the total testes). On the bottom of
Table 2 there is a summary of the total tissue con-
tent at each period. When added to the amount
excreted up to the time of autopsy, the total
activity accounted for agrees quite well with the
amount injected. The greatest discrepancy oc-
curred in the 24-hour mouse. Here only 81 per
cent was recovered. The carcass was not available
for assay, having been eaten by a rat who had
gained access to the building. It is known that
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CHart 2.—Accumulated excretion

Excreta between 1 and 1} months not collected; estimated
at 0.03 per cent per day average. Feces collected from five mice
at 1% months were too weakly active to be assayed with the
Nucleometer. Urine specimens from two mice at 1§ months
contained zero and 0.8 per cent, respectively. Feeal speci-
mens from four mice at 14 months contained zero activity.
Urine and feces from several mice thereafter at 15-day inter-
vals to the 4-month period assayed zero.

the paw pads fluoresce soon after injection (8).
This is undoubtedly due to contamination with
urine and feces. Since large amounts of activity
are in the urine and feces during the first 24 hours,
it is quite likely that an appreciable amount of
Stilbamidine was clinging to the paw pads of this
mouse.

For the 4-day animal, the pelt included the site
of injection and paw pads at the time of combus-
tion, while in the other animals only an aliquot of
pelt was combusted and the paw pads and tail
were left with the carcass. A small aliquot of skin
of the 4-day animal was combusted for compari-
gon with total pelt, and it was found that the
specific activity was only 0.0008, which is in the
range of specific activity of the pelt aliquots of
the 24-hour and 2-week animals. This is evidence
that the relatively high pelt activity recorded in
Tables 1 and 2 for the 4-day animal does not repre-
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Kidneys
Liver

Heart

Tungs
Gonads
Intestines
Intest. contents
Bone

Bone minus marrow
Marrow

Bile

Gall bladder
Plasma

RBC

WBC
Pancreas
Spleen
Lymph nodes
Muscle
Stomach
Eyes

Brain

Pelt

Adrenals

Kidneys

Liver

Heart

Lungs

Gonads
Intestines
Intest. contents

Bone

Gall bladder
Plasma

RBC

WBC
Pancreas
Spleen
Lymph nodes
Muscle
Stomach
Eyes

Brain

Pelt

Adrenals
Carcass or remnant

ToraL:

2 hr.

.128
.050
.012
.005

.004

007
.0009

.0004
.0002

.0009

Less estimated tissues
(thesetissuesincluded

in carcass)

Total in tissues
Urine
Feces

8 mo.

015
001
007
.001
0
.0005
0
-00001
.0001
.0044
.003

0
0
0

.0006
-0003

.0014
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ol =
-

S et
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®

17*

.98*
.03

oo

.013

8.04

R
=

TABLE 1
SPECIFIC ACTIVITY AS PERCENTAGE OF INJECTED DOSE PER MILLIGRAM DRY TISSUE
6 hr. 24 br. 4 days 2 wk. 7 wk. 8 wk.
.156 .156 .067 .022 .012 .016
.096 .061 .026 .015 .002 .002
.012 .019 .016 025 .008 .020
.011 .006 .006 .007 .004 .002
.002 . 0007 . 0005 .001 .0004
.007 .005 .003 .0006 0
.006 .013 .009
. 0004 .0021 .0001 .0007 . 0004 .0001
.0011 .0005 .0002 L0011 .00006
Q073 .0028 .0013 0058
.06 .35 .003 .013
0 .042 .018 0
.0001 .0001 .0016
.0002 .0001 .0007 0
.001 .002 .004 .001
.002 .002 .003 .0009 .003 .001
.0005 .004 . 0007 0 0
.001 .0012 .0016 .0012 L0014
004 .003 .03 .002 0
0 0 .001 .001
.0004 . 0004 .0006 .0009
L0004 .003 .0002
.0042 . 0094 .0052 .0048
TABLE 2
TOTAL ACTIVITY AS PERCENTAGE OF INJECTED DOSE
2 hr. 6 hr, 24 hr. 4 days 2 wk. 7 wk. 8 wk.
12.2 15.9 17.5 5.97 2.55 .96 1.58
20.6 46 .4 31.7 8.74 6.50 1.06 75
.86 .38 .61 .43 .79 .28 .51
.19 .55 .30 .20 .37 .18 .06
.39 .30 .38 .23 .18
2.36 4.77 2.59 .66 .3 0
.864 1.29 1.58 .49
1.48* .68 3.45 J19* 0 1.15% 71
0 .02 .01 0
0
.24 .33 .13 .38
.04 .13 11 .07 .05 .08 .02
0 0
1.71% 1.95% .78 2.00* 2.26%
.66 .32 .14 A7 0
0 (1 .01 .02
.04 .03 .05 .10
.96* 6.80 44>
.028 071 040 .014
62.10 19.34 7.92
98.71 93.21 59.05 30.30 22.07 6.03
3.19 2.63
98.71 90.02 59.05 30.30 19.44 6.03
2.88 10.05 13.30 29.461 34.64% 36.967
.04 1.37 8. 42 39.88F 56.58% 60.807
102 101 81 100 110 104

Total accounted for:

* Total muscle weight estimated.

t From the average excretion data of all the animals (Chart 2).
“¢’’ Indicates activity too near background for significant measurement.
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sent generalized high pelt localization but rather
a concentrated local contamination, such as
might be expected on the paws and tail.

DISCUSSION

Storage in the body.—Henry and Grindley, using
thefluorimetric method of analysis, added Stilbami-
dine to whole sheep blood and observed that most
of it disappeared from the plasma (9). They con-
cluded that erythrocytes have a high adsorptive
capacity for the drug, although its presence in
them could not be directly demonstrated, and
suggested that in the body it is stored mainly in
the erythrocytes. Fulton and Goodwin repeated
these experiments using a spectrophotometric
method of analysis and were unable to confirm
the earlier findings (5). They concluded that ab-
sorption of Stilbamidine by red cells does not
occur to any appreciable extent. Table 2 shows
that in vivo the erythrocytes contain a very small
proportion of the total stored radioactivity, most
of which is located in the liver and kidneys with
modest amounts stored in intestine, total muscle,
bone, and pelt. Hawking and Smiles had con-
cluded earlier from a qualitative examination
under ultraviolet light of the tissues of mice given
the drug that most of it is located in liver, kid-
neys, intestine, paw pads, and injection site (8).

Nothing is known of the form in which Stil-
bamidine is stored. It may be pointed out, how-
ever, that Hawking and Smiles could observe no
fluorescence of the kidneys 4 days after injection,
although the concentration of radioactivity in
these organs at this time is still greater than the
initial liver concentration, which was sufficient to
give a visible fluorescence. It is therefore likely
that Stilbamidine is converted in one or more of
the tissues of the body to a different chemical form.

Urinary excretion—The urinary excretion of
Stilbamidine administered subcutancously to rats
has been studied by Wien (15) and by Hampton
(7). Using the fluorimetric method, Wien ob-
served an excretion of 1.0 per cent, and Hampton
found 1.7 per cent in the urine during the 24 hours
following a single dose of 5 mg/kg. Both reported
that, with the glyoxal method of analysis, values
as much as 20 times higher were found. The
glyoxal values and our own of 17 per cent are in
fair agreement, but it is clear that the fluo-
rimetric method demonstrates only a fraction of
the total excretion of the drug and its metabolites.
The explanation of the discrepancy between the
glyoxal values and ours may lie in the finding of
Wien, confirmed by Hampton, that with either
method of analysis the percentage excretion in the
24 hours following a single dose decreases with

increasing size of the dose. Our dosage was 20
mg/kg.

The rapidity of the drop in urinary excretion
rate shown in Chart 2 is in agreement with the re-
sults of Hawking and Smiles (8), who were unable
to detect any fluorescence 2 days after injection.

Fecal excretion—The fecal excretion of Stil-
bamidine, which constitutes a major mode of
elimination, has not been previously detected.
Table 1 shows that the bile carries a relatively high
concentration of radioactivity, a specimen taken
from the gall bladder 24 hours after injection
showing a concentration of 0.85 per cent of the
dose per milligram of solids. Since the daily bile
secretion of the mouse is about 2 ml., containing
about 280 mg. of solids, it is clear that a large
part—possibly all—of the radioactivity entering
the feces is carried by the bile. Since Hawking
and Smiles could detect no fluorescence in the bile
of mice receiving Stilbamidine, it is likely that the
drug has undergone chemical transformation.

SUMMARY

1. Stilbamidine diisethionate labeled with car-
bon 14 has been prepared and its distribution
studied in mice.

2. After intravenous administration, 70 per
cent is excreted within 4 days, the remainder being
excreted much more slowly, reaching 97 per cent
on the 80th day. Much of the excreted material
has undergone chemical transformation. Excretion
occurs via the urine and feces.

8. The highest concentration of radioactivity
appears in the kidneys, liver, heart, lungs, and
intestines. Traces of radioactivity are detectable
in many tissues 6 months after injection.

4. Stilbamidine is not metabolized to carbon
dioxide in the mouse.
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As a result of various studies on the mechanism
of action of urethan (ethyl carbamate), consider-
able data are available which might be used to
formulate theories worthy of investigation. It is
difficult, however, on reviewing the literature, to
determine which of the numerous cytologic, histo-
pathologic, and biochemical responses observed
with this compound are fundamental to the anti-
cancer activity of urethan and which are only
secondary manifestations related or unrelated to
its chemotherapeutic activity.

Urethan appears to be a highly specific mole-
cule with regard to anti-leukemic action. Changes
in the ester group, mono- or disubstitution at the
nitrogen atom, and substitution of sulfur for the
carbonyl or ethoxy oxygen, all destroy or lessen
the anti-leukemic action of urethan in mice with
chloroleukemia 1394 (10). There is apparently no
correlation between the anti-leukemic and the
leukopenic action of carbamates (10, 11), but
there is a ‘correlation between the anti-leukemic
and carcinogenic activity (7—10), and there is also
a correlation between the leukopenic action ob-
served in mice (11) and the inhibition of sea-
urchin egg cleavage caused by substituted carbam-
ates (2). These facts would seem to suggest that
two basic mechanisms may be involved in therapy
with ethyl carbamate, one having to do with cell
division and the other with differentiation proc-
esses.

Over-all tracer studies in mice have shown that
the carbonyl and methylene-carbon atoms of
urethan are fixed in all tissues, but to no greater
extent than can be accounted for by fixation of
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corresponding atoms from CO; and ethyl alcohol,
the probable #n v»ivo hydrolysis products of this
compound.}

The present experiments were designed with
the thought that studies on the fate of urethan in
a controlled population of rapidly dividing cells
and in cells with a large proportion of desoxyribo-
nucleoprotein (sperm) might yield clues to the role
of urethan in normal and neoplastic proliferation.

Briefly, we have investigated the accumulation
of urethan in resting and dividing sea-urchin eggs
and also the fixation of the earbonyl and methyl-
ene carbon atoms of urethan in eggs and in sperm.
Control experiments have been carried out with
the #n vivo hydrolysis products of urethan: CO,
(as NaHC™0;) and methylene-labeled ethyl al-
cohol.

EXPERIMENTAL

Fertilized and unfertilized eggs from the sea
urchin, Tripneustes esculentus, supplied the divid-
ing and resting cells. These eggs normally divide
at about 70 minutes after fertilization. For studies
on cells with a high proportion of desoxyribo-
nucleoprotein, sperm from a large sea cucumber
were employed. The temperature of the sea water
in which the eggs and sperm were suspended
ranged from 25° to 27° C., with no more than 0.4°
variation during the course of a single experiment.

AccomuraTION OF URETHAN BY Ecas

Ezxperiment No. 1.—Eggs were exposed to 20
mg. of urethan per milliliter of egg suspension
(in sea water), beginning 10 minutes after fertiliza-
tion. Samples were then centrifuged, quickly
washed in sea water, and recentrifuged. They were
then fixed in 5 ml. of saturated HgCl,. The ex-
posure durations are given in minutes and seconds
in Table 1. The eggs were analyzed for their ure-
than content, by the procedure of Boyland and
Rhoden (1). From this concentration (column 4,
Table 1) and the dilution with HgCl,, the eon-
centration in the eggs at the time of fixation

1 H. E. Skipper, L. L. Bennett, Jr., C. E. Bryan, L. White,
Jr., M. Newton, and L. Simpson, unpublished data.
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(column 5) was calculated. Eggs left in the urethan
solution at the time of the experiment did not
divide. Samples removed to sea water simultane-
ously with fixation of the other samples did divide,
and those removed and placed in urethan-free sea
water even after 1 hour of exposure formed
gastrulae.

Experiment No. 2.—Fertilized and unfertilized
eggs were exposed to 2 mg. of urethan per milliliter
of egg suspension. Exposure of fertilized eggs be-
gan 10 minutes after fertilization. The eggs were

TABLE 1

ACCUMULATION OF URETHAN BY FER-
TILIZED SEA-URCHIN EGGS™*
(Initial Concentration 20 mg/ml)

CALCULATED

WeieHT ANALYZED  CONC. IN EGGB
SamPLE Exposure t OF EGGS URETHAN AT FIXATIONY
NO. PERIOD {mg.) (mg/gm eggs) (mg/gm)
1 244" 852 3.5 25.1
2 522" 988 3.5 21.8
3 759" 700 3.3 28.9
4 10744” 842 3.4 24.6
5 19°28" 844 4.9 35.4
6 49°15” 914 2.1 14.7
7 80°15” 727 2.9 24.0

* Urethan added 10 minutes after fertilization.

t Duration of_ exposure in minutes and seconds between.addition of
urethan and washing.

1 The caleulated concentration represents: (cone. of urethan determined
by analysis) X(total wt. of eggs-+fixative) +(wt. of eggs).

TABLE ¢

ACCUMULATION OF URETHAN BY FERTILIZED AND
UNFERTILIZED SEA-URCHIN EGGs*
(Initial Concentration 2 mg/ml)

FERTILIZED UNFERTILIZED
Exposure mg/gm eggs Exposure mg/gm eggs
1/18” 1.90 110" 1.18
2/28” 4.60 2287 1.50
426" 2.07 4'1” 1.60
21’22 2.21 2112 1.36
53%40" 1.12 56'11" 1.94

* Urethan added 10 minutes after fertilization. Exposures measured from

that instant to time of freezing in minutes and seconds.

centrifuged, the sea water decanted, and the eggs
frozen and kept in this condition until analyzed
for urethan content (Table 2). Fertilized eggs left
in the urethan-containing sea water developed
more slowly than the controls but eventually
formed blastulae.

TRACER KEXPERIMENTS

Urethan was labeled in the carbonyl position
(HNC"OOC;H;) or the methylene position
(H,NCOOC'"*H,CH;). Labeled bicarbonate and
methylene-labeled ethyl alcohol were used as con-
trols. The activities of each, as well as concentra-
tions of the solutions employed, are presented in
Table 3. The labeled compounds used in this

Cancer Research

study were synthesized by procedures which will
be reported elsewhere.! All samples were assayed
for carbon 14 by a gas-phase procedure already
described (12), and tabulated as specific activity—
ice., ue. of activity per mole of carbon in the eggs
or spermi.

Fertilized and unfertilized eggs were exposed to
the four labeled compounds, then were concen-
trated and quick-frozen in a dry-ice acetone bath
and were kept frozen until they could be assayed
for fixed activity (Tables 4 and 5).

The sperm were obtained by mechanically
shredding the testes of the sea cucumber and filter-
ing the sperm through gauze. Enough sea water
was added to activate half the sperm (all sperm

TABLE 3
CONCENTRATIONS AND ACTIVITIES OF COMPOUNDS USED
Concen-
Activity tration
Compound Structure (¢c/ml)  (mg/ml)
OC.H;
Carbonyl-labeled (Q = C14 6 175
urethan
NH;
Labeled sodium NaHCX0, 10 86
bicarbonate
OC“*H,CH;
Methylene-la- 0=C 7 175
beled urethan \
NH.
Methylene-la- HOC“H,CH; 7 90

beled ethyl alcohol

showed activity when dispersed in a large volume
of sea water). To each 50 or 100 ml. of the sperm
suspension, 0.2 ml. of one of the labeled com-
pounds was added. The samples were quick-frozen
at 30 minutes and kept frozen until analyzed
(Table 6).

The values reported as Free+fized urethan refer
to specific activities of the frozen samples as such.
The fixed activities were determined on aliquots
subjected to repeated suspension in water (weak
acid in the case of NaHC"O;) and vacuum drying
(24 hours at 1 mm.) to remove the free compounds.
Three such treatments were found to reduce the
activity of exposed urchin eggs to a constant value,
after which no additional activity was removed by
this procedure. We have repeatedly shown that
free urethan can be removed from biological speci-
mens by vacuum distillation. In one experiment,
an aliquot of each sperm sample was dialyzed
against cold running water for 24 hours prior to
activity assays (Table 6).
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RESULTS

Within 2 minutes, fertilized eggs accumulated a
higher concentration of urethan than was present
in the surrounding medium. This occurred at a
concentration which prevented division (20 mg/
ml: Column 5, Table 1), or at a lower dose which
merely retarded development (2 mg/ml: Column
2, Table 2).

Only a small proportion of the urethan which
entered fertilized or unfertilized eggs (Table 4,
Free-+fized) was not removed by vacuum distilla-
tion. The amount of urethan carbon which was
fixed by the cells was no greater than the carbon
fixed from alcohol or bicarbonate (Fized corrected,
Table 4). Fixation was about equal for carbonyl
and methylene urethan carbons and bicarbonate,
and the ratio was unaltered with longer or shorter
exposure (Table 5). Fixation of ethanol carbon
was higher than the other three but declined
slightly with prolonged exposure.

In sea-cucumber sperm the ratio of fixation of
urcthan carbon to alcohol or bicarbonate carbon
was higher than in the eggs, and in most instances
the sperm fixed more of the urethan carbon than
carbon from alcohol or bicarbonate. This was
true when fixation was tested by vacuum distilla-
tion (Table 6, Exp. No. 1) or by dialysis (Exp. No.
2). Extraction of desoxyribonucleic acid (DNA)
from the sperm resulted in loss of fixed carbon,
with the DNA retaining more of the ethanol or
bicarbonate carbons than urethan carbons.

DISCUSSION

It must be emphasized at the onset of this dis-
cussion that the experiments reported herein are
exploratory in nature and were designed to obtain
qualitative evidence of the relationship between
the reaction of parts of the urethan molecule with
the whole resting and dividing cell and with a liv-
ing substance (sperm) which is predominantly

TABLE 4
FIXATION OF CARBON 14 FROM LABELED COMPOUNDS BY FERTILIZED AND UNFERTILIZED SEA-URCHIN EGGS

UnrerTinizen Eeas*

Featizizep Ecest

Activity Specific activity} Activity Specific activity}
added Free-- Fixed added Free-- Fixed
ComPoUND (uc/50 ml) fixed Fixed corrected (uc/60 ml) fixed Fixed corrected
Carbonyl-labeled urethan 0.6 2.67 0.014 0.023 0.24 0.68 0.007 0.012
Sodium bicarbonate 1.0 0.035 0.035 0.40 0.17 0.010 0.010
Methylene-labeled urethan 0.7 2.84 0.010 0.014 0.28 1.09 0.010 0.014
Methylene-labeled ethyl al- 0.7 1.66 0.090 0.129 0.28 0.90 0.0560 0.072
cohol
* Exposed for 29 minutes.
 Exposed for 85 minutes beginning 81 minutes after fertilization.
1 Specific activitiesin pc/mole of egg carbon, Corrected for the differences in total activity added to eggs.
TABLE 5
THE SPECIFIC ACTIVITIES OF FERTILIZED SEA-URCHIN EGGSs AT VARIOUS PERIODS
ATFTER EXPOSURE TO CERTAIN CY-LABELED COMPOUNDS*
AcTIviTY AMOUNT SPECIFIC ACTIVITY FIXED} Fixep
ADDED ADDED EXPOBURE PERIOD (MINUTES) CORRECTEDY
CoMPOUND (uc/ 60 ml) (mg/50 ml) (11) (80) (48) (78) (80 min.)
Carbonyl-labeled urethan 0.6 17.5 0.03 0.04 0.04 0.07 0.07
Sodium bicarbonate 1.0 8.6 0.03 0.08 0.05 0.09 0.03
Methylene-labeled urethan 0.7 17.5 0.02 0.05 0.03 0.05 0.07
Methylene-labeled ethyl aleohol 0.7 9.0 0.15 0.14 0.10 0.07 0.20

* Exposure begun at 64 minutes after fertilization.
t Specific activity in ue/mole of egg carbon.
t Corrected for the differences in total activity added to eggs.

TABLE ¢
FIXATION OF CARBON 14 FROM LABELED COMPOUNDS BY ACTIVATED SEA CUCUMBER SPERM*

ExeerimMent No. 1

ExeerimenT No. 2

Specific
Activity Amount activities Activity Amount Specific activities
added added vacuum- added added Vacuum-

CoMPOUND (pe/50 ml) (mg/50 ml)  treated (ue/50 ml) (mg/50 ml)  treated Dialyzed
Carbonyl-labeled urethan 0.6 17.5 0.78 1.2 35.0 0.18 0.022
Sodium bicarbonate 1.0 8.6 0.08 2.0 17.3 0.02 0.008
Methylene-labeled urethan 0.7 17.6 0.46 1.4 35.0 0.24 0.099
Methylene-labeled ethylalcohol 0.7 9.0 0.14 1.4 18.1 0.21 0.019

* Exposure 80 minutes. Specific activity in uc/mole of sperm carbon, corrected for differences in total activity added.
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genetically active material, i.e., desoxyribonucleo-
protein. Despite fluctuations in the data which can-
not be explained at this early stage, definite trends
are discernible which shed light on the mechanism
of action of urethan.

In the tracer experiments, the fixed atoms are
presumably, although not necessarily, combined
chemically with some cell component. If the car-
bonyl-carbon atom of urethan reacted extensively
with active groups of amino acids important in
cell division as suggested by Dustin (4),

OC.Hj; R

O:C}‘*\ +HR —0==Cl* + C;H:0H,

NH2 NH2

it is possible that our experiments would have
demonstrated a high degree of carbonyl-carbon
fixation as compared to the methylene-carbon
atoms.

If urethan per se were adsorbed to cell fractions
or reacted through the amide group as follows:

OC2H5 OCZH5
Ve /
O=L\ +HOR —0==C /R + H,0
NH N
H N

H

then one might expect to find both the carbonyl
and the methylene-carbon atoms fixed to a greater
extent than corresponding atoms from in wviwo
hydrolysis products of this molecule, CQO,, and
ethyl alcohol.

Our present results would seem to indicate that
unfertilized (resting) and fertilized (dividing) sea-
urchin eggs fix both the carbonyl and the methyl-
ene atoms of urethan to a lesser extent than the
methylene carbon of ethyl alcohol. The labeled
carbon from NaHC“0O; was fixed (probably by
entering the normal metabolic pathways) at a rate
somewhat similar to that of the above-mentioned
urethan earbon atoms.

The fixed urethan represents only a small por-
tion of the urethan accumulated in the cell. The
present observations suggest that the removable
urethan is the fraction responsible for inhibition of
mitosis, since on washing the eggs quickly recover.
It possibly follows that fixing of urethan carbon in
these eggs might be accounted for along paths
having little to do with cleavage. At least, ethanol
is eliminated as the route by which urethan affects
cell division. For, although ethanol penetrates in
comparable amounts (cf. Free--fized, Table 4) and
contributes more fixed activity in the eggs, 10
times as much ethanol as urethan is required to re-

tard division of Tripneustes eggs (Cornman, un-
published data).

At this point in the argument, however, it is
well to recall that the doses used in the tracer ex-
periments were a tenth as high as the levels needed
to retard cleavage. One may suspect that the fate
of urethan in eggs will change as the physiology of
the egg is altered by the narcotic. Even within the
division-inhibiting range, the dose-effect relation-
ships of sea-urchin-eggs are different at low and
high concentrations (5). Accordingly, it may prove
worth-while to investigate the effect of urethan it-
self on the fixation of labeled urethan.

Klotz et al. (6), in a mass law analysis of the
binding ability of bovine albumin, have shown that
urethan is eapable of displacing anions from a pro-
tein complex. This reaction was observed within
a period of minutes, insofar as displacement effects
were involved, and is additional evidence of the
fixation of at least a part of the urethan molecule
to protein.

Perhaps the most interesting portion of this
study is the section of the results presented in
Table 6 which indicate that sperm fix more
urethan carbon in proportion to bicarbonate or
ethanol carbon than do eggs. In this relationship
the urethan methylene carbon is the more con-
sistent, being fixed in greater amounts than the
ethanol methylene carbons by sperm, and in
lesser amounts than the ethanol by eggs. This
same relationship was true in sperm dialyzed for 24
hours, despite the greater loss of radioactivity
which may well represent the removal of dialyz-
able urethan fixation products. This preferential
fixation of urethan carbon in cells with a high pro-
portion of desoxyribonucleoprotein, when con-
sidered in the light of mutagenic, carcinogenic, and
anti-cancer activity of this compound, is, to say
the least, suggestive. Cowen (8) has reported an
inhibition of urethan carcinogenesis by pentose
nucleotides.

SUMMARY

Fertilized eggs of Tripneustes esculentus, when
exposed to concentrations of urethan which re-
versibly inhibited division or to lower concentra-
tions which retarded division, rapidly accumulated
urcthan in concentrations equal to or exceeding
the surrounding concentration. Unfertilized eggs
accumulated urethan more slowly and did not
exceed the surrounding concentration.

Most of the urethan accumulated in the eggs
was in a free or loosely bound state. Cells inhibited
by this free urethan began to divide again, once
the urethan was removed by washing.

Using tracer technics, it was shown that fer-
tilized and unfertilized eggs fixed only a very
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small portion of the carbonyl and methylene-
carbon atoms from their accumulated urethan; no
more than might be accounted for by fixation of
carbon from urethan hydrolysis products, CO.
and ethyl alcohol.

Sea-cucumber sperm fixed more of the urethan
carbon in proportion to carbon from labeled bi-
carbonate or ethanol than did eggs.

It is suggested that urethan is accumulated
within the dividing cell and exerts its effect on
mitosis while free or loosely bound within the cell.
However, the specific fixation of carbon from two
groups in the urethan molecule to sperm (high in
desoxyribonucleoprotein) suggests that this com-
pound combines with nuclear material. This af-
finity for nucleoproteins may be related to the well-
known mutagenic, carcinogenic, and anti-cancer
activity of urethan, since such processes are often
considered to be associated with nucleoprotein
metabolism.
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The Influence of Dietary Fat and Riboflavin on the Forma-
tion of Spontaneous Hepatomas in the Mouse™f

HERBERT SILVERSTONE AND ALBERT TANNENBAUM

(From the Department of Cancer Research,} Medical Research Institute, Michael Reese Hospital, Chicago 16, I1l.)

These experiments are part of an investigation
on the influence of nutrition on the formation of
spontaneous hepatomas in mice. Attention is be-
ing given to those dietary factors known to affect
the formation of other tumors in the mouse or the
induction of hepatic tumors in rats to whom car-
cinogenic azo dyes have been administered. It has
been shown that the formation of the spontaneous
hepatoma in C3H male mice is significantly in-
hibited by restriction of caloric intake (14), by a
diet low in protein (18), and probably by a “brown
rice” diet (11). This communication is concerned
with the effects of fat-enrichment of the diet and
of rations low in riboflavin.

METHODS

The mice employed were inbred strain C3H
males raised in our laboratories. Spontaneous be-
nign hepatomas are first observed when the animals
on common laboratory rations are about 10 months
old; generally, about 40 per cent of the mice de-
velop these tumors by 14 months of age.

The mice of each experiment were born within
a span of 1-2 weeks, and approximately 50 ani-
mals were incorporated by random distribution
into each group. They were fed Purina Labora-
tory Chow checkers until the experimental rations
were instituted. The procedures for preparations
of diets, housing of animals, and periodic weighing
and inspection were similar to those previously
described (13).

The individual mice maintained comparatively
constant body weights between the time they
were 10 months old and the termination of the ex-
periment. Inasmuch as this is also the interval
during which hepatomas arise, the data on body

* Presented, in part, at the Fifth International Cancer
Congress, Paris, July 19, 1950.

T This work was supported by a grant-in-aid from the
American Cancer Society upon recommendation of the Com-
mittee on Growth of the National Research Couneil.

1 Supported, in part, by the Michael Reese Research
Foundation and the Foundation for Cancer Research, Chicago.

Received for publication November 7, 1950.

weights are summarized for this period only; the
tables give the range of individual values within
each group and the means of the values. At the con-
clusion of the experiment the mice were examined
for grossly visible hepatomas.

EXPERIMENTS

Experiment 1.—Two groups of 50 3-month-old
mice were employed. The mice of group n 40 were
fed daily a “natural food” diet, consisting of 1.6
gm. Purina Fox Chow meal, 0.8 gm. skimmed milk
powder, and 1.6 gm. cornstarch. The mice of
group n 41 were fed the same ration, except that
0.56 gm. of fat (partially hydrogenated cottonseed
oil) replaced an equicaloric amount of the corn-
starch—1.4 gm. The diet for group n 40 contained
2 per cent fat, that for group n 41, 20 per cent fat.
The mice of both groups ate all their food and
grew equally well, increasing from a mean initial
body weight of 28 gm. to approximately 39 gm.
They maintained this latter weight from 10 to 13%
months of age, at which time the experiment was
concluded.

In this study the fat-enriched diet did not ac-
celerate the formation of hepatomas, the inci-
dences in the two groups being virtually identical
(Table 1). Neither was there any difference in the

TABLE 1

EFFECT OF THE PROPORTION OF DIETARY FAT ON THE
FORMATION OF SPONTANEOUS HEPATOMAS
(Experiment 1)

Booy weiqaT Mice witn
Digrary No. LEVEL] HEPATOMAS
FAT* oF {em.)
Grovor Per cent uicet Range Mean No. Percent
n 40 2 50 35-43 39 22 44
n 41 20 47 33-45 39 22 47

* See text for description of diets. The mice of each group consumed
14 Calories daily.

1 Number of mice sacrificed at 184 months of age.

t Body weight levels of individual animals from the time they were 10
months of age untilend of experiment.

proportions of mice with more than one hepatoma,
nor in the mean diameters of the hepatomas.
Ezperiment 2—Three groups of 43-month-old
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mice were placed on the dicts of semi-purified
known components shown in Table 2. The ration
given the control group BA 1 contained 2.3 per
cent fat and furnished 16 ug. of riboflavin daily for
each mouse; that for the high fat group BA 2
contained the same amounts of protein, vitamins,
and minerals as the diet for group BA 1, but the
fat content was raised to 21 per cent by equicaloric
substitution for cornstarch; the diet fed the low
riboflavin group BA 3 was identical with that for
group BA 1, except that it contained only 2.0 ug.

TABLE 2

COMPOSITION OF THE DAILY RATIONS FED
TO MICE OF EXPERIMENT 2

BA 1 BA 2 BA 8
Kremax,* gm, 0.08 0.60 0.08
Cornstarch, gm. 2.55 1.25 2.55
Casein,T gm. 0.72 0.72 0.72
Gelatin,{ gm. 0.08 0.08 0.08
Salts,§ gm. 0.14 0.14 0.14
Vitab,| gm. 0.08 0.08 0.08
A, D, E concentrate,# ml. 0.005 0.005 0.005
Riboflavin,** ug. 16 16 2.0

* Partially hydrogenated cottonsced oil (Armour & Co., Chicago).
+ Labco “Vitamin Free” Casein (Borden Co., New York).

t Edible gelatin (Ucopeo 14X, Wilson & Co., Chicago). It was dissolved
in water and added to the diet, serving as a binder.

§ Wesson modification of Osborne-Mendel Salt Mixture (16).

|| Rice bran concentrate (Nopco Chemical Co., Harrison, N.J.); contains
approximately 8 ug. of riboflavin per gram.

# This concentrate supplied 20 U.8.P. units of vitamin A, 2 U.S.P. units
of D, and 0.8 mg. of E in 0.005 ml. of cottonsced oil.

** Totalriboflavin in the daily rationineluding that presentin the Vitab.
In addition, each mouse received the following B-Vitamins: thiamine HCI,
56 ug.; pyndoxme HCI, 48 pg.; niacin, 170 pg.; Ca pantothenate, 120 ug.:
choline Cl, 4 mg.

of riboflavin. The mean body weights of the mice
of groups BA 1 and BA ¢ increased from an initial
value of 81 gm. to 89 gm. at 8 months of age. Dur-
ing the same interval the mice of group BA 3
(low riboflavin) maintained an average body
weight of 82-34 gm. and consumed about 5 per
cent less food than the mice of the other two
groups. In the ninth and tenth months a number
of the mice of each group had diarrhea and lost
weight; a few died. This disorder subsided, and
the body weights were stabilized during the re-
mainder of the experiment (Table 8).

When the mice were 6 months of age, four ani-
mals from each group were sacrificed to deter-
mine the riboflavin content of the livers. This pro-
cedure was repeated at 10 months and gave essen-
tially the same results. The mean concentrations
of riboflavin were 81.2, 81.7, and 28.6 ug. per
gram in groups BA 1, BA 2, and BA 38, and the
total amounts per liver were 52.9, §8.0, and 38.4,
respectively.

The remaining mice were examined for the
presence of hepatomas when they were 13 months
old; the data are given in Table 3. In comparison
with the control group BA 1, the mice fed the high

fat ration, group BA 2, had a higher incidence of
hepatomas, whereas those fed the low riboflavin
dict, group BA 3, had a lower incidence. However,
neither difference is of statistically significant
magnitude.

Experiment 8—In view of the difficulties en-
countered and the lack of deccisive results in the
preceding study, another experiment was per-
formed. It differed from the former in the follow-
ing respects: (a) to ensure equicaloric food con-
sumption by the three experimental groups, the
rations were fed at a slightly restricted level (10.2
Calories daily); (b) the difference in riboflavin
content between the control and low riboflavin
diets was increased: each mouse of groups BF 1
(control) and BF 2 (high fat) received 80 ug. of
riboflavin daily, those of BF 8 (low riboflavin)
only 1.8 ug.; (¢) the daily supplement of B-vita-
mins was increased for each mouse to 60 ug.
thiamine IICl, 60 ug. pyridoxine HCI, 180 ug. Ca
pantothenate, 300 ug. niacin, 12 ug. folic acid,
0.8 pg. biotin, 600 pg. p-aminobenzoic acid, 3 mg.
inositol, 15 mg. choline Cl; (d) the mice were 6
months old when the experimental diets were
initiated.

At the beginning of the experiment the mean
body weights of the mice of the three groups were
36 gm. Groups BIF 1 and BF 2 nearly maintained
this weight level, as shown in Table 4. The mean
body weight of group BI' 8, however, declined to
31 gm. within 6 weeks, increased to 34 gm. in the
following 6 weeks, and then declined to 81 gm.;
this level was maintained during the final 4
months of the experiment.

The results (Table 4) are in essential agreement
with those of Experiment 2. Among the mice fed
the fat-enriched ration (group BF 2) there was a
somewhat higher incidence of hepatomas than
among those fed the low fat ration (group BF 1),
and the mice fed the low riboflavin ration (group
BF 3) had a slightly lower incidence of hepatomas.
There was no noteworthy difference among the
groups in the proportion of mice with multiple
hepatomas or in the size of the tumors.

DISCUSSION

Increasing the fat content of the diet from about
2 per cent to approximately 20 per cent may result
in a small enhancement in the rate of formation of
the spontaneous hepatoma of the mouse. While no
augmenting effect was observed in Experiment 1,
the hepatoma incidence rose from approximately
37 per cent to 53 per cent in Experiments 2 and
3. Moreover, in threc studies relating to other
types of tumors in the C3I mouse (in which diets
similar to those of Experiment 1 were utilized), in-
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cidental observations suggested that fat enrich-
ment of the ration accelerates the rate of forma-
tion of spontaneous hepatomas.

With regard to other tumors of the mouse, an
increase in the proportion of dietary fat from ¢ to
between 10 and 30 per cent markedly enhances the
formation of the spontaneous mammary carci-
noma, has a small but consistent augmenting ef-
fect on the formation of the induced skin tumor,
but has little or no influence on the formation of
the spontaneous lung adenoma or the induced
sarcoma (1, 12). It has been reported that the in-
duction of hepatic tumors in the rat by p-di-
methylaminoazobenzene is accelerated by diets
with moderate or high proportions of fat as com-
pared to diets containing little fat (7, 4). However,
this effect has not been found consistently (5, 10)
and, furthermore, is dependent upon the type of
fat (4).

Low dietary riboflavin resulted in an inhibition
of the rate of formation of hepatomas; however,
the effect can be principally ascribed to the lower
body weight of the mice. The riboflavin deficiency
was not of drastic proportions, causing only a 10
per cent decrease in the mean body weight; this
reduction in body weight, even without a reduc-
tion in dietary riboflavin, can account for the ob-
served decrease in hepatoma incidence (14).

The formation of spontaneous mammary careci-

noma of the mouse was retarded by a riboflavin-
deficient diet (6), but it is our opinion that the
inhibition was due to a 30 per cent decrease in
caloric intake and body weight of the animals.
A ration low in both riboflavin and thiamine had
no noteworthy influence on the formation of
carcinogen-induced skin tumors (2). The incidence
of hepatic tumors in rats administered p-di-
methylaminoazobenzene is strikingly increased by
a diet low in riboflavin but otherwise adequate (8);
the enhancement varies considerably with the
compound employed to induce the tumors (8). It
is also claimed that high dietary riboflavin inhibits
the formation of the hepatic tumors which are in-
duced in some strains of rats by choline-deficient .
rations (9).

The available evidence indicates that low ribo-
flavin diets have no specific effect upon the rate of
formation of the spontaneous hepatoma, the
spontaneous mammary carcinoma, and the car-
cinogen-induced skin tumor of the mouse. On the
other hand, the porportion of dietary riboflavin
strikingly influences the formation of hepatic
tumors induced in rats by certain azo dyes.

SUMMARY

Fat enrichment of the diet from about £ per cent
to nearly 20 per cent appeared to enhance the rate
of formation of the spontaneous hepatoma of the

TABLE 3

EFFECT OF THE PROPORTION OF DIETARY FAT OR RIBOFLAVIN ON THE
FORMATION OF SPONTANEOUS HEPATOMAS
(Experiment 2)

Dirta*
Fat Riboflavin No. or
Grour (per cent) (ug. per day) micet
BA1 2.3 16 44
BA 2 21.4 16 43
BA 3 2.8 2.0 48

Booy WEIGET LEVEL] Mice WITH
(aM.) HEPATOMAS

Range Mean No. Per cent
2941 34 17 39
25-40 34 24 56
26-36 31 9 19

* Diets fed ad libitum; see Table 2 for description. Mean daily caloric intakes for groups BA 1, BA 2, and

BA 3 were 12.8, 12.2, and 11.8 Calories, respectively.
t Number of mice sacrificed at 13 months of age.

1 Body weight levels of individual animals from the time they were 10 months of age until end of ex-

periment.

TABLE 4

EFFECT OF THE PROPORTION OF DIETARY FAT OR IRIBOFLAVIN ON THE
FORMATION OF SPONTANEOUS HEPATOMAS

(Experiment 3)
Diets* Bopy WEIGHT LEVEL} Mice WITH
Fat Riboflavin, No. oF (am.) HEPATOMAS
Grour (per cent) (pg. per day) Micet Range Mean No. Per cent
BF 1 2.2 30 50 26-39 34 18 36
BF 2 20.4 30 47 30-41 35 24 51
BF 3 2.2 1.8 52 26-35 31 18 25

* Diets fed at equicaloriclevels—-10.2 Calories daily. See text for deseription.

t Number of mice sacrificed at 14 months of age.

t Body weight levels of individual animals from the time they were 10 months of age until end of ex-

periment.
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C8H mouse. Reduced dietary riboflavin, on the
other hand, had no direct influence on the inci-
dence of such hepatomas. These findings are dis-
cussed in relation to the effects of the two dietary
modifications on the genesis of other tumors of the
mouse and the azo dye-induced liver tumor of the
rat.
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One of the most interesting of the metabolic
inhibitors is the triazolopyrimidine analog of
guanine, 5-amino-7-hydroxy-1H-v-triazolo (d) py-
rimidine. While this compound was found to be
but moderately inhibitory to certain bacteria
where no purine requirement existed (14), it is
extremely inhibitory to the animal microsrgan-
ism, Tetrahymena (6), which requires pre-formed
guanine in its diet (7, 8). This guanine analog
(guanazolo [9] or 8-azaguanine [18]) has an inhibi-
tion index of 0.02 for half maximum inhibition,
and the inhibition is completely released by
guanine (6). The above inhibition index indicates
that, in order to obtain half maximum growth of
Tetrahymena, the guanine concentration in the
medium must exceed that of the 8-azaguanine by
50-fold.

Various considerations led to the hypothesis
that this particular analog was being metabolized
in place of guanine in Tetrahymena (6), and the
suggestion was made that it might prove to be a
powerful chemotherapeutic agent against any in-
vading organism or abnormal cell which was able
to metabolize guanine. Inasmuch as there was evi-
dence that dietary guanine was not incorporated
into the nucleoproteins of rats (2, 13) and that
dietary adenine was so incorporated (2), the pos-
sibility existed that the guanine analog, 8-aza-
guanine, would prove to be relatively nontoxic to
mammals. This was found to be the case with
mice (9), and, moreover, remarkable carcinostatic
powers toward three types of mouse neoplasms
were discovered. The inhibitory action of 8-
azaguanine toward certain types of mouse tumors
was confirmed by Law (10), Gellhorn et al. (4),
and Sugiura et al. (18), and in addition it was
found that the Brown-Pearce undifferented squa-

* Supported by a grant from Research Corporation and a

grant from the American Cancer Society on recommendation
by the Committee on Growth.

Received for publication, November 8, 1950.

mous-cell carcinoma of the rabbit was also in-
hibited (4). It has also become evident that 8-
azaguanine is entirely inactive against a large
number of tumors in mice and rats (3, 4, 17, 18).

The hypothesis was advanced by Kidder et al.
(9) that a biochemical difference existed between
those neoplasms responsive to the inhibitory ef-
fects of 8-azaguanine and the host tissue. This
qualitative difference was thought to be due to the
ability of the tumor cells to incorporate pre-formed
guanine (and hence 8-azaguanine) in contrast to
the host nontumor cells. If the inhibitory effects
on certain tumor cells by 8-azaguanine are indeed
due to a changed biochemical pattern of metabo-
lism, it might be explained either by the gain by
the tumor cells of the ability to incorporate gua-
nine or by the loss by the tumor cells of the abil-
ity to synthesize guanine—as is the case in Tetra-
hymena.

The present report will offer further evidence
for the postulated qualitative biochemical differ-
ence betwecen normal and certain neoplastic
tissues.

MATERIALS AND METHODS

The tumors used in the present study were as
follows: mammary adenocarcinoma 755 in C57
black line 6 mice; Sarcoma 180% in C3H or Swiss
mice; Sarcoma 372 in C57 black mice; S 91%in dba
line 1 mice; 6CSHED? (lymphosarcoma) in C3H
mice; Lymphoma 2° (lymphoid leukemia) in
hybrid A/C3H or A/Street mice; P1534% (lymph-
oid leukemia) in dba mice; spontaneous mam-
mary adenocarcinoma? in Swiss mice. The bulk of
the work to be reported here was done with adeno-
carcinoma 755. This tumor has several advantages

1 Obtained through the kindness of Dr. Alfred Gellhorn of
the College of Physicians and Surgeons, Columbia University.

2 Obtained from the Roscoe B. Jackson Memorial Labora-~
tory, Bar Harbor, Maine.

3 Obtained through the kindness of Dr. Lloyd W. Law, Na-
tional Cancer Institute.
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over E 0771 for use in metabolic studies. Its re-
sponse to 8-azaguanine is more pronounced (4),
and, because of its somewhat slower growth rate,
the incidence of necrosis and sloughing is less, af-
fording greater accuracy and reproducibility for
quantitative measurements.

Due to the poor breeding capacities of strain A
mice, experiments with Lymphoma 2 were carried
out in Fy hybrids of strain A crossed with C3I or
Street. The Lymphoma 2 tumors used in trans-
planting all experimental series were carried in
pure-bred strain A animals.

The technies of tumorinoculation were essential-
ly the same as those used in other laboratories.
Small fragments of the solid tumors were trans-
planted by trocar subcutaneously into the right
axillary region of the experimental animals. The
various leukemias were transplanted by means of
intraperitoneal injections of saline cell suspensions
of tumor masses dissected aseptically from donor
animals (10). Variations in the number of leukemic
cells in the suspensions accounted for the variation
in survival times between experiments. Within any
one experimental series the number of cells inocu-
lated per animal was relatively constant.

The course of development of solid tumors was
followed by caliper measurements. In experiments
where more accurate quantitative data were neces-
sary, the wet weight of freshly dissected tumors
was determined (4). Survival time was employed
as the significant end-point in the evaluation of
experimental leukemias. Every animal was rou-
tinely examined at autopsy, as a precaution
against the inclusion of “non-takes” in the data.

In preliminary experiments with tumor 755, it
was noted that a small percentage of the un-
treated tumors grew much more slowly than did
the average. It seemed desirable to eliminate these,
if possible, from metabolic studies where optimum
tumor behavior was demanded. In the following
experiments, therefore, about 20 per cent more
animals were regularly inoculated than were
needed. Treatments were not instituted until 11 or
12 days after inoculation. At that time the experi-
mental groupings were formed, the animals being
distributed among the cages as equally as pos-
sible with regard to tumor size. The smallest 20
per cent were not, used.

Water solutions of the triazolopyrimidines were
used. The compounds were dissolved with the aid
of dilute NaOH and finally adjusted to pH 7.8~
8.0 with HCI. Intraperitoneal injections of 1-ml.
volumes of the desired concentrations were em-
ployed. In these studies the total daily dose was
given in a single injection (with one exception).
Gellhorn et al. (4) found that divided doses of 8-

azaguanine enhanced the response of tumor 753.
We have confirmed this observation, but the re-
quirements of these experiments did not demand
the greatest possible response but, rather, com-
parisons between experimental groups. In the re-
versal experiments guanine was either injected
subcutaneously in 0.2-ml. amounts as a suspen-
sion in peanut oil or fed after thorough mixing
with pulverized Purina Chow pellets.

All animals were kept in Keystone plastic
cages, ten per cage, with wood-shaving bedding,
and food and water were offered ad libitum, except
where guanine was added to the diet.

RESULTS

Distribution.—Sugiura et al. (18) investigated
the cffects of the administration of 8-azaguanine
on a large number of experimental tumors of mice
and rats. They report that the only tumor which

TABLE 1

EFFECT OF 8-AZAGUANINE ON SPLEEN SIZE IN
MicE wiTH LYMPHOMA 2

Wet weight
of spleens
No. animals (Av.in mg.}
Normal controls (nonleukemic) 10 144
Leukemic controls (no treatment) 10 1,298
12 days after inoculation
Treated (8-azaguanine 10 98

65 mg/kg/day for 10 days) 12
days after inoculation

was significantly inhibited was E 0771. They were
unable to confirm our earlier findings (9) on the
spontaneous adenocarcinoma of C8H mice. To
extend the types of tumors investigated with this
compound, we have studied the responses of the
eight mouse tumor types listed in “Materials and
Methods.” We have confirmed the previous find-
ings on tumor 755 (4), Sarcoma 180 (3, 4, 17, 18),
6C3HED (4) and Lymphoma 2 (9, 10). One of the
most striking results of advanced lymphoid leu-
kemia in Lymphoma 2-bearing animals is the en-
larged and thickened splecn. When one compares
the size (wet weight) of the spleens of untreated
leukemic animals with those of the animals receiv-
ing 8-azaguanine, it is quite apparent that this
compound is an active inhibitor, corroborating the
evidence obtained on survival. The data in Table 1
demonstrate this point. We were unable to con-
firm the negative response of the spontaneous
mammary adenocarcinoma in Swiss mice reported
by Sugiura et al. (18). It has been our experience
that this tumor is significantly inhibited by the
administration of 8-azaguanine. The results of
one of these experiments is shown in Chart 1.

We found that the administration of 8-aza-
guanine to mice bearing Sarcoma 87 or Sarcoma 91
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had an entirely negative effect. These two types,
therefore, resemble Sarcoma 180. The lymphoid
leukemia P1534 was inhibited by 8-azaguanine, as
judged by survival time.

A summary of the results of the present investi-
gation, together with those from the literature, is
given in Table 2.

Dose response tests.—During the course of these
investigations a large number of experiments have
been performed to determine the relationship be-

tween the dosage of 8-azaguanine and the degree
of tumor inhibition. The majority of these experi-
ments was conducted on tumor 755, although in
less complete series Lymphoma 2 and leukemia
P1584 were used. In tumor 755 the amount of in-
hibition is directly proportional to the dosage of
8-azaguanine, up to about 50 mg/kg/day. The
curve becomes asymptotic after this level and
flattens out above 75 mg/kg/day. Chart 2 shows
the dose response of tumor 755 to 8-azaguanine,

CMa DOSE RESPONSE
t ' f ADENOCARCINOMA 75§
® coniro gram i I ]
. One injection daily starting
12[— o 8-azaguanine 100 Mg/ K/Day —7 Ry st moctatn,
A days after inoculation.
/ 20 animals at each dose level
p.
’.l' \.
8 ® 3 \
o0 : °
/ 2
4 »*
’.,r". | ¢
)
|| |
0
0 20 0 60 80 100 . |
D AY S [ 1] 20 30 40 S0 60

CrART 1.—Response of adenocarcinoma (spontaneous) of
Swiss mice to 8-azaguanine. In this case treatments were
given twice daily. There were eight animals in the control
series and thirteen in the treated series.

8-AZAGUANINE MG./K/DAY

CHaRT 2.- -Dose response curve to 8-azaguanine in Adeno-
carcinoma 755. Treatment in single daily doses. Figures on
the ordinate represent average tumor weight in grams.

TABLE 2
SUMMARY OF EFFECTS OF 8-AZAGUANINE ON EXPERIMENTAL TUMORS
Tumor

designation Host Type of tumeor Inhibition Reference
E 0771 Mouse, C57 black Mammary adenocarcinoma -+ (4,9, 18)
755 “ “« o« “ “ + (4), present report
RC « dba % “ + (4)
C3HBA “ (C3sH Spontaneous mammary adenocarcinoma  + (9)
CBHB A 3 “ “© “ [ —— (18)
— “  Bwiss “ «“ “ + preseut report
— « “ “ “ “« — (18)
S 180 “  Paris RIII, Fibrosarcoma - (4, 17, 18), pres-

C3H, Swiss, C57 ent report
black
S 87 Mouse, C57 black Sarcoma - present report
T 241 « &« &“ “ —_ (18)
Wagner “ AK “ - (18)
Harding-Passey “ “ Melanoma - (18)
So1 “  dba line 1 Malignant melanoma - present report
6C3SHED “  CsH Lymphosarcoma — (4), present report
Patterson “ AK “« — (18)
Lymphoma 1 “ A “ - (10)
Lymphoma 2 “ A, A/C8H, Lymphoid leukemia + (9, 10), present re-
A/Street port
P1534 “  dba “ “ + present report
L1210 ] « “ “« + 10)
AK4 “ AK Leukemia - (8)
9417 “« « - (4)
R 39 Rat, Sherman Sarcoma - (18)
August “ “ Carcinoma + (16)
Walker 256 “ « Carcino-sarcoma - (18)
Flexner-Jobling “ “ Carcinoma — (18)
Brown-Pearce Rabbit Undifferentiated squamous-cell carci- + (4, 15)
noma

— Rumex, Nicotiana Virus wound tumor (plant) + (2)
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_ and it will readily be seen that this curve re-
sembles, to a marked degree, the typical dose re-
: sponse curves oblained with the use of inhibitors
in microbiological studies.

There is considerable spread in the survival time
of the treated leukemias. Averages of survival
time, when plotted against dosage, produce
smooth inhibition curves. Averages of survival

LYMPHOMA 11 IN STRAIN A HYBRID MICE

Average
Treatment Survival « Each_dot represents the death of one animal .
CONTROL
No Treatment 24.4
[ [ 4 ®
® o0 o &0
S 09 (59 & 06 »_ ]
B-Azaguanine 28.0
10 mg./K/day (14.8) )
@ ® 00
[ ] S8 A0 $800980 00 0O —
8-Azaguanine 34.3 l.
30 mg./K/day (40.6) -9
[ 4 d
!:__’...._31 (] [ ] ! I
8-Azaguanine .
50 mg./K/day (28-8) °
] L e @ LR
8-Azaguanine 47.6
75 mg./K/day (95.1)
® ®
®__e ¢see jo0 o0 i o lol ||
10 20 30 40 50 60 70 83
DAYS FOLLOWING INOCULATION
Cuart 8.—Dose response of Lymphoma 2 (Ilymphoid leukemia) to 8-azaguanine. Treatment in single daily doses,

starting 2 days after inoculation. Initial inoculum was small, resulting in longer survival time than usual. The figures in
parentheses indicate increase in survival time in per cent.

LEUKEMIA P 1534 IN dba LINE 2

Average

Treatment rvival* Ea .the death of ope animal

CONTROL
No treatment 12.1
8-Azaguanine 15.9
25 mg./K./day (31.4)

&6 -8
8-Azaguanine 20.4
50 mg./K,/day (68.86)
8-Azaguanine 24.1
75 mg./K./day 92.2)
1 2 30

DAYS FOLLOWING INOCULATION

CuART 4—Dose response of Leukemia I 1534 (lymr;hoid leukemia) to 8-azaguanine. Treatment in single daily doses
starting 2 days after inoculation. The figures in parentheses indicate increase in survival time in per cent.
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times within the various dose levels for both Lym-
phoma 2 and leukemia P1534 show the same rela-
tionships as in tumor 755. Some of these data are
presented in Charts 3 and 4.

Reversal experiments.——Earlier attempts to cause
the reversal by guanine administration of the
inhibition of 8-azaguanine in tumor E 0771 were
inconeclusive (9), owing to the small amount of
guanine employed. Law (10) was successful in
showing release of 8-azaguanine inhibition in leu-
kemia 1 1210 when guanine HCI was administered
subcutaneously in peanut oil or gum acacia. We
have obtained a definite, though incomplete, re-
lease of inhibition in tumor 755 by the subcutane-
ous injection of guanine at 330 mg/kg/day, given
just before administration of the inhibitor (Table
3). The same type of results was obtained by the
inclusion of guanine in the food at 10 mg/gm of
diet, but the responses were more irregular.

The reversal type of experiment is essential to
an understanding of the mechanisms involved in
any type of inhibition. The results that were ob-
tained are in line with those found with Tetra-
hymena and suggest that the 8-azaguanine is inter-
fering with the incorporation of guanine by the
tumor cells. It is perhaps not surprising that the
action of 8-azaguanine could not be completely

TABLE 3
ADENOCARCINOMA 755 IN C57 BLACK MICE*
Av. tumor wt. P (prob-

Treatment No. animals (gm.) ability)

Control 14 6. 02}
0.43

Guanine 14 5.12
(330 mg/kg/day)
8-Azaguanine 17 1.85
(82.5 mg/kg/day) } 0.013
8-Azaguanine 15 3.50
(82.5 mg/kg/day)
Guanine
(830 mg/kg/day)
8-Azaguanine 18 0.49
(65 mg/kg/day) } 0.032
8-Azaguanine 16 1.69
(66 mg/kg/day)
Guanine

(830 mg/kg/day)
* Experiment terminated 86 days after inoculation.

t Based on a chi-square analysis of the number of cases in each series
falling above and below the mean value for the pair.

counteracted by guanine, in contrast to the results
obtained with Tetrahymena, when one considers
the solubilities of the metabolite, the large
amounts that must be given, and the probable
rate of excretion or destruction by the tissue
enzymes.

Treatment at various tumor ages.—Sugiura et al.
(18) obtained striking inhibition of the growth

of tumor E 0771 with 8-azaguanine when therapy
was started 24 hours after inoculation. When
therapy was delayed until 6 days after inoculation
they state that no inhibition occurred. Sokoloft
et al. (16) have reported, in abstract form, that 8-
azaguanine treatment of a rat carcinoma causes
growth inhibition if treatment is started early but
is inactive if treatment is delayed. These obser-

o |
¢ |
© CONTROL—NO TREATMENT ?
5 @ CONTINUOUS TREATMENT — f
® INTERMITTENT TREATMENT / f
. $ stamt eswa/k/foar | _l /|
¢ STOP TREATMENT T/ /7
/
3 ! \efowe’ ‘i\e—e\ /9/——
I / \I/
2 ' /
1 /I"‘“-’\i’
AT
1—~2"° ]
6 ) " 24 30 36 a2 rY]

CurarT 5.—Intermittent as compared with continuous treat-
ment with 8-azaguanine. Treatment was in single daily doses.
Twenty animals in each of the four series.

vations immediately raise the question as to
whether the inhibitor is able to act on implanted
tumor tissue only before it has become adjusted to
its host. To answer this question, experiments
were conducted with tumor 755 and Lymphoma 2.
It had already been shown by our previous experi-
ments with tumor E 0771 (9) that inhibition re-
sulted when therapy was delayed until 6 days after
inoculation, and Gellhorn et al. (4) had demon-
strated inhibition of this tumor when therapy
was delayed until 9 days after inoculation. In ad-
dition, they had shown that 8-azaguanine therapy
was effective in producing inhibition of growth in
tumor 755 when started as long as 22 days after
inoculation and in tumor RC 7 days after inocu-
lation.

Four groups of twenty each of C57 black mice
were inoculated with tumor 755. Because of the
nature of this experiment, caliper measurements
were made of the tumors in order that growth
might be followed. The control group was not
treated. One group was treated with 8-azaguanine
at 65 mg/kg/day in single daily doses beginning on
the 13th day after inoculation. This treatment was
continued until the 36th day, when this group,
along with the controls, was sacrificed for wet
weight measurements. The course of tumor de-
velopment in these two groups is shown in Chart 5.
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A third group was given 8-azaguanine from the
13th to the 17th day following inoculation. Treat-
ment was then withheld until the 25th day, when
it was again instituted and continued until the 82d
day. On the 86th day the final course of treat-
ments was begun and continued until the 43d day.
The course of the tumor development in this
group receiving intermittent treatment is shown in
Chart 5. The tumors in the fourth group were al-
lowed to develop until the 25th day after inocula-

possibly in a requirement for guanine), then one
would expect any changes in the substituent groups
of 8-azaguanine to diminish or abolish the inhibi-
tory action of such a compound. It was earlier found
that substitution of an amino group for the hy- .
droxyl in position 7 of 8-azaguanine (diaminazolo
or 8-aza-2,6-diaminopurine) produced a com-
pound with low inhibitory powers for Tetra-
hymena (6) and practically no inhibitory powers
for tumor E 0771 (9).

LYMPHOMA II IN STRAIN A HYBRIDS

Average
Treatmont Lvivals
CONTROL
No treatment 13.7
8-Azaguanine
started 10 days 18.3
after inoculation (33.6)
8-Azaguanine
started 5 days 22.5
after inoculation (64.2)
8-Azaguanine
started 2 days 23.7
after inoculation (13)
! 1

ch dot ren.ﬁsaam.ms.%em nimal

R

u.lj_lj.nl#.l.l.-_ml_n__a%_—

L . D

DAYS FOLLOWING INOCULATION

Charr 6.—Effect of treatment with 8-azaguanine (756 mg/kg/day in single doses) after establishment of leukemic condi-
tion for varying periods of time. Note that there is an inhibitory effect of the treatment, as judged by survival, even
when§treatments are withheld until less than 4 days before the average time of death. The figures in parentheses indicate

increase in survival time in per cent.

tion before treatment was given. They averaged,
at this time, approximately 3 cc. Even after this
period of growth and adjustment to the host, the
treatment with 8-azaguanine was effective in pro-
ducing inhibition.

Initiation of 8-azaguanine therapy after vary-
ing periods of time following inoculation of Iy
A./Street hybrids with Lymphoma 2 was carried
out. The results are shown in Chart 6, where it can
be seen that the compound has inhibitory effects
even when given after the course of the disease is
far advanced.

Molecular specificity.—If the tumor cells of the
responsive types are similar to Tetrahymena in
their ability to metabolize pre-formed guanine (and

It had been found that 8-azadenine (7-amino-
1H-v-triazolo {d] pyrimidine) was much less in-
hibitory for Tetrahymena than was 8-azaguanine
(8). The inhibition index of the former compound
was 7, as compared to 0.02 for 8-azaguanine. This
was to be expected in an organism which does not
require (but is able to metabolize) pre-formed
adenine. It was also expected that 8-azadenine
would prove more toxie to mice than 8-azaguanine,
owing to the reported ability of the mammal to
metabolize adenine (2).

While it was found that 8-azadenine was much
more toxic than 8-azaguanine and, unlike the
latter compound, caused restriction in food con-
sumption, it was possible to carry out experiments
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on tumor inhibition provided doses mo larger
than 82 mg/kg/day were given. The effectiveness
of 8-azadenine was of doubtful significance, since
its P value, when compared to the control, was
0.25 (Table 4).

TABLE 4

ADENOCARCINOMA 755 IN C57 BLACK MICE*

Av. tumor wt.

Treatment No. animals (gm.)
Control 28 2.02
8-Azaguanine 20 0.035
(65 mg/kg/day)
8-Azaguanine 20 0.177
(82.5 mg/kg/day)
8-Azadenine 14 1.078
(82.5 mg/kg/day)
2-Mercapto- 10 2.115

8-Azadenine
(65 mg/kg/day)

* Experiment terminated 24 days after inoculation.

The addition of an SH group at position 2 of 8-
azadenine (5-mercapto-7-amino-1H-v-triazolo [d]
pyrimidine) completely destroys the inhibitory
action for both Tetrahymena (8) and tumor 755
(Table 4), although this compound produced skin
eruptions in the host.

DISCUSSION

In our previous report on the inhibitory action
of 8-azaguanine (guanazolo) on certain mouse tu-
mors, the suggestion was offered that a fundamen-
tal qualitative biochemical difference might exist
between these neoplastic cells and normal cells.
Based on the fact that the first three tumors tested
were inhibited by 8-azaguanine, it was further
suggested that this effect might be found to have
widespread, if not universal, distribution among
the various types of malignancies. If this were
found to be the case, it would fulfill the postulate
of Greenstein (5) that some fundamental qualita-
tive biochemical deviation from normal exists in
all tumors. It soon became apparent that the
inhibitory effect of 8-azaguanine was by no means
universal. To our knowledge, no tumor of the
sarcoma series has been found to be inhibited by
8-azaguanine. However, it is also quite apparent
that a large series of tumors is inhibited by this
compound. In addition to the mouse tumors in-
hibited (Table 1), responses have been found with
a rat carcinoma (16), the Brown-Pearce carcinoma
of the rabbit (4), and the virus-induced plant tu-
mor of the buttercup and tobacco (12). The plant
tumor inhibition studies are of considerable inter-
est, inasmuch as these tumors are grown in a syn-
thetic culture medium and the inhibitions were
found to be completely reversed by guanine.
Moreover, when the inhibition index is calculated

from the data given, it turns out to be similar to
that found in the Tetrahymena studies (9).

Most of the investigations of the metabolite-
anti-metabolite type in relation to neoplasms have
used the quantitative metabolic differences which
exist between these abnormal cells and the normal
tissues as a point of departure. It is reasoned that,
in view of the more rapid rate of growth (and
therefore metabolism) of the tumor cells, as com-
pared to most of the host cells, tumor cells should
be inhibited by concentrations of analogs of
normally required metabolites which are below
the level of serious toxicity to the host tissues. This
approach has produced certain promising results,
as in the case of anti-folics. Had this line of reason-
ing been applied to purine anti-metabolites, one
would have anticipated, from what is known of
mammalian purine utilization, that an anti-ade-
nine might show tumor inhibition while an anti-
guanine would be inert. This is not the case, how-
ever, in a number of tumors where the 8-azadenine
is found to be only slightly inhibitory, while 8-
azaguanine produces marked carcinostasis. The
fact that the 8-azaguanine inhibition isreversed by
guanine is strong evidence that this compound acts
as it does in the microsrganisms—i.e., by compet-
ing in some way with guanine. The hypothesis
that these tumor cells differ from normal tissues in
that they are able to utilize pre-formed guanine
is the most plausible yet offered to explain these
observations. That the compound produces sec-
ondary effects on the tumors through its action on
the host tissues is inconsistent with the observa-
tions that not all tumors are affected. This was
nicely shown by Sugiura et al. (18), when they
found that 8-azaguanine had no inhibitory effect
on Sarcoma 180, even when transplanted into the
normal host (C57 black) for T 0771.

The hypothesis earlier advanced for the extreme
activity of 8-azaguanine as an inhibitor of Tetra-
hymena (6), namely, that the inhibitor is metabo-
lized by the guanine enzyme systems in place of
guanine and is therefore incorporated into the
nucleoproteins, has received support from the
observations of Bennett et al. (1) and Mitchell
et al. (11). They found that 2-C'“labeled 8-aza-
guanine, when administered to normal CFW mice
and to C57 black mice bearing tumor E 0771, was
largely exereted in the urine. Some activity was
found, however, in the ribonucleic acid isolated
from various tissues and from the tumors. Using
paper chromatographic methods, they claimed
evidence for the incorporation of 8-azaguanine, as
such, into the RNA of both tumor tissues and non-
tumor tissue, particularly in the jejunum. These
results seem to indicate that there is no preferen-
tial selection of 8-azaguanine by these tumor cells.
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However, it must be pointed out that the results of
Shapiro et al. (15) can certainly be best inter-
preted as selective action of 8-azaguanine on the
Brown-Pearce carcinoma in the rabbit. They
showed that the mitotic index for tumor célls was
markedly reduced by the administration of 8-
azaguanine, while the mitotic indices of the in-
testinal epithelium and of the testis of the same
animal were not affected.

It seems clear that the final establishment of a
qualitative biochemical diffcrence between any
neoplastic cells and normal cells is of enormous
importance to our understanding of the, funda-
mental principles of malignancies. The bulk of.the
evidence is, in our opinion, consistent with the
theory that such a difference has been shown by
the usc of 8-azaguanine. Additional carefully
executed experiments with labeled compounds will
be needed for definitive answers. Such studies are
now under way in this laboratory.

SUMMARY

1. The guanine analog, 8-azaguanine (guan-
azolo) has been found carcinostatic for adeno-
carcinoma 755 and Lymphoma 2, thus confirming
earlier observations (4, 9, 10).

2. Leukemia P1534 in dba mice and spontane-
ous adenocarcinoma of Swiss mice were also in-
hibited by the administration of 8-azaguanine.

3. Sarcoma 37 in C57 black mice and melanoma,
5 91 in dba mice were not inhibited by the ad-
ministration of 8-azaguanine.

4. The ineffectiveness of 8-azaguanine in the
inhibition of Sarcoma 180 and Lymphosarcoma
6C3HED was confirmed (4, 17, 18).

5. Dose-response tests with 8-azaguanine on
tumor 755 and Lymphoma 2 show that these tu-
mors respond in a regular manner to increasing
concentrations of the compound.

6. Definite, though incomplete, reversal of the
inhibition of the growth of tumor 755 produced by
8-azaguariine was obtained with guanine.

7. It was shown that tumor 755 and Lym-
phoma 2 are inhibited by 8-azaguanine even after
the implants have been established for relatively
long periods of time.

8. The adenine analog, 8-azadenine, was found
to be relatively inactive as an inhibitor for tumor
755, while 2-mercapto-8-azadenine was inert.

9. The available evidence is discussed for its
bearing on the question of the existence of a funda-
mental biochemical difference between certain
tumor cells and normal mammalian cells.

REFERENCES

1. Benngrrt, L. L.; Skieeer, H. E.; MircueLL, J. H.; and
Svaiura, K. Studies on the Distribution of Radioactive

Approved For Release 2002/07/24 :

10.

11.

12.

13.

14.

15,

16.

17.

18.

8-Azaguanine (Guanazolo) in Mice with E 0771 Tumors.
Cancer Research, 10: 64446, 1950.

. Brown, G. B.; Rowt, P. M.; Prentr, A. A.; and Ca-

vALIERL, L. F. The Utilization of Adenine for Nueleie Acid

Synthesis and as a Precursor of Guanine. J. Biol. Chem.,
172:469-84, 1948.

- BurcHENaL, J. H.; JonnsToN, S. F.; BurcuENaL, J. R.;

Kusnia, M. N.; Rorivson, E.; and Stock, C. C.
Chemotherapy of Leukemia. IV. Effect of Folic Acid De-
rivatives on Transplanted Mouse Leukemia. Proc. Soe.
Exper. Biol. & Med., 71:381-87, 1949,

. GELLHORN, A.; ENeBLMaN, M.; Suariro, D.; Grarr, S.;

and Giigspie, H. The Kffect of 5-Amino-7-Hydroxy-
1I-v-Triazolo (d) Pyrimidine (Guanazolo) on a Variety of
Neoplasms in Experimental Animals. Cancer Resecarch,
10:170~77, 1950.

- GREENSTEIN, J. P. Biochemistry of Cancer. New York:

Academic Press, Inc., 1947,

. Kmpzegr, G. W., and Dewgy, V. C. The Biological Activ-

ity of Substituted Purines. J. Biol. Chem., 179:181-8%,
1949.

- —— Btudies on the Biochemistry of Tetrahymena.

XIV. The Activity of Natural Purines and Pyrimidines.
Proc. Nat. Acad. Sc., 834:566-74, 1948.

. KmopEr, G. W.; DEWEY, V. C.; Pargs, R. E., Jr.; and

Hemricn, M. R. Further Studies on the Purine and
Pyrimidine Metabolism of Tetrghymena. Proc. Nat. Acad.
Se., 86:431-39, 1950. -

. Kiooer, G. W.; DewsY, V. C.; Parks, R. E., JR.; 8nd

WooDSIDE, G. L. Purine Metabolism in Tetrahymena and
Its Relation to Malignant Cells in Mice. Science, 109:
511-14, 1949. ) B

Law, L. W. Studies on the Effects of a Guanine Analog on
Acute Lymphoid Leukemias of Mice. Cancer Research,
10:186--90, 1950.

MircreLy, J. H.; Skireer, H. E.; and Bennerr, L. L.
Investigation of the Nucleic Acids of Viscera and Tumor
Tissue from Animals Injected with Radioactive 8-Aza-
guanine, Cancer Research, 10:647-49, 1950.

Nickevry, L. G.; GREENFIELD, P.; and BurKHOLDER, P.
R. Atypical Growth in Plants. III. Growth Responses of
Virus Tumors of Rumex to Certain Nucleic Acid Com-
ponents and Related Compounds. Bot. Gazette, 112:42—
52, 1950.

Prentn, A. A., and ScmoENHEIMER, R. Studies in the
Metabolism of Purines and Pyrimidines by Means of Iso-
topic Nitrogen. J. Biol. Chem., 153:203-17, 1944.
Rosuy, R. O., Jr.; Lampey, J. O.; Encrisg, J. P.; CoLg,
Q. P.; and Vavenax, J. R., Ja. Studies in Chemotherapy.
VIII. Methionine and Purine Antagonists and Their Re-
lation to the Sulfonamides. J. Am. Chem. Soc., 67:290-
94, 1945.

Suapiro, D. M.; Wxrss, R.; and GELLaORN, A. The Ef-
fect of Azaguanine on Mitosis in Normal and Neoplastic
Tissues. Cancer, 3:896-902, 1950.

Soxovrorr, B.; Kiser, R.; Repp, J.; and DurcrEr, R. In-
hibitory Effect of Antimetabolites on Transplanted Tu-
mors. Abstracts, Am. Chem. Soc., 117th meeting, Div.
Biol. Chem., p. 57, 1950.

Srock, C. C.; Cavaurery, L. F.; Hrrcmings, G. H.; and
Bucrrey, S. M. A Test of Triazolopyrimidines on Mouse
Sarcoma 180. Proc. Soc. Exper. Biol. & Med., 72: 565-67,
1949.

Sverura, K.; Hrrcaines, G. H.; Cavarigrr, L. F.; and
8rock, C. C. The Effect of 8-Azaguanine on the Growth of
Carcinoma, Sarcoma, Osteogenic Sarcoma, Lymphosar-
coma and Melanoma in Animals. Cancer Research, 10:
178-86, 1950.

CIA-RDP80-00926A003500020001-2



B s A

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2

A Study on the Biologic Activity of a Transplanted
Granulosa-Cell Rimor in Castrate C57 Mice”

E.S. Creuint ano J. T WOLSTENHOLME]

(From the Depd’rthzmt of Anatomy, Yale University School of Medicine, New Haven 11, Conn.)

"The purpose of this report is to present the re-
sults of a study on the growth of a specific trans-

planted granulosa-cell tumorand the progressive

effects it has on the hoat tissues.

METHODS

Fifty-three mice, 8—4 months old, of the C57
black strain were used, 18 females and 35 males.
All the animals were castrated at the beginning of
the expefiment and were maintained on Labora-
tory Chow and wa{e\r ad lLibitum. They were
weighed weekly. Elevenfemales and 21 males each
received a transplant of a small fragment of a
granulosa-cell tumor (18C57), which was intro-
duced subcutaneously with a No. 15 gauge trocar
1-6 days following castration. The tumor used in
this study was in its fifth transfer generation and
showed no change from its original histological
structure (Fig. 1). Seven females and fourteen
males which did not receive tumor transplants
were used as controls. All control animals were
sacrificed 60 days after castration. Following
transplantation each animal was examined daily
until a palpable tumor nodule was present. Daily
vaginal smears were taken from 1 week after cas-
tration until the time the animals were sacrificed.
All tumor-bearing animals were sacrificed at inter-
vals of from 62 to 100 days following transplanta-
tion. At autopsy the tumors and visccral organs
were weighed and then preserved in Bouin’s fixa-
tive for histological study. Gross mounts of the
mammary glands were made.

OBSERVATIONS

A tumor was considered a “take” when a dis-
tinet, firm nodule approximately 5 mm. in diame-

cur until the 18th day following transplantation.
By the 28th day after transplantation 22 “takes”
had occurred. At the end of the 52d day “takes”
were palpated in all the animals with transplants.
There was no significant difference between the
onset of the tumor “takes” of the males and fe-
males, although the tumor grew more rapidly in
the males than in the females.

At autopsy, the animals with tumors had di-
lated and slightly heavier hearts than did the con-
trols (Tables 1 and 2).

Al the livers of the tumor animals, except those
from the two with the smallest tumors, were en-

TABLE 1

AVERAGE ORGAN AND BoDpY WEIGHTS OF CASTRATED
MALE MICE (C57) BEARING A TRANSPLANTED
GRANULOSA-CELL TUMOR

Controls Group 1 Group 2 Group 8 Group 4

Number of mice 14 3 6 6 6
Tumor weight 1.13 3.13 4.04 5.00
(range) (gm.) 2.90 3.95 4.81 6.26
Bo(dy v)veight 24.00 28.30 28.60 27.30 30.70
gm.
Liver (gm.) 1.13 1.68 1.82 2.17 2.28
Heart (mg.) 110.0 120.0 120.0 180.0 150.
Spleen (mg.) 140.0 270.0 290.0 330.0 400.0
Kidneys (mg) 270.0 820.0 280.0 280.0 270.0
Submaxillary 90.0 90.0 70.0 80.0 90.0
glands (mg.)
Ad(renal glands 5.6 6.3 5.8 5.3 5.4
mg.
Seminal vesicles 26.0 .7 38.4 24 .4 25.4

(mg.)

TABLE 2

AVERAGE ORGAN AND BoDY WEIGHTS OF OVARIECTO-
MIZED FEMALE MICE (C57) BEARING A TRANS-
PLANTED GRANULOSA-CELL TUMOR

Controls Group 1 Group 2 Group

ter could be palpated. The first nodule did not oc- Number of mice 7 4 3 4
. . Tumor weight (range) 1.56 4.30 5.28
* This investigation was supported by a rcsearch grant (gm. 2.56 4.90 6.58
from the Public Health Service. I]?.ody weight {gm.) 22.50 23.30 27.70 380.10
- TlPre-doctorate research fellow, National Institutes of H‘Z,fft((gfé?) 115:%0 123):%)1 16%:33 253181
ealth. Spleen (mg.) 140.0 240.0 890.0 460.0
1 Post-doctorate research fellow, National Institutes of Kidneys {(mg.) 270.0 270.0 290.0 380.0
Health. Submaxillary glands (mg.) 110.0 8.0 70.0 110.0
. . Adrenals glands (mg.) 5.6 4.9 6.9 5.9
Received for publication November 17, 1950. Uterus (mg.) 14.6 27.6 52.6 78.1
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larged and congested, and their surfaces presented
a peculiar mottled appcarance. This congestion
and mottling was moremarked in animals with large
tumors, and mice with tumors over 5 gm. in weight
had livers weighing 2-38 times more than those of
the controls (Tables 1 and 2). Microscopically, the
livers of the tumor-bearing animals showed dilata-
tion of the blood sinusoids, varying from a slight
to a very marked degree (Figs. 3-6). This progres-
sive dilatation of the sinusoids was correlated with
the increase in tumor weight. The sinusoidal dila-
tation set in rather rapidly and was noted in all
livers except in those of one female and one male
which had the smallest tumors—1.56 gm. and
1.13 gm., respectively. In all animals with tumors
over 3.00 gm., moderate to extreme dilatation was
noted, with most of the liver substance displaced
by large, dilated blood sinuses. Although there was
an increased blood volume in the tumor-bearing
animals, the progressive increase in body weight
was approximately equal to the increase in tumor
weight (Tables 1 and 2). The spleens of these ani-
mals increased progressively in size and weight
with the tumor weight (Tables 1 and 2) and micro-
scopically showed vascular congestion. No in-
crease in hemopoiesis was noted.

There was no significant change in the weight of
the kidneys in the tumor animals as compared to
those in the control animals (Tables 1 and 2).
Microscopic examination of the kidneys of the
castrated male control animals revealed that they
were of the male type in which the greater per-
centage of Bowman’s capsules have a parietal
epithelium consisting of cuboidal cells (Fig. 7).
The parietal epithelium of the remaining small
percentage of capsules consisted of squamous cells.
In four female control animals the number of the
female type was slightly predominant, while in
three female controls there was approximately an
equal number of both types. The kidneys of the
male and female tumor-bearing animals had cap-
sules of the female type, with a parictal epithelium
consisting of squamous cells, while only a small
number of male-type capsules was seen (Fig. 8).

Histological examination of the submaxillary
glands revealed that all the controls had an altered
female type, which is not uncommon in castrated
male and female as well as intact female mice of
the C5% strain (unpublished data). This altered
type is similar to that produced by injecting pro-
gesterone into castrated male and female mice (3).
The lining epithelium of the terminal tubules of
these altered female type glands consisted of co-
lumnar cells containing little or no secretion gran-
ules. The nucleus was situated at the basal portion
of each cell (Fig. 9). Eight male animals and three

female animals with tumors of less than 8.95 gm.
in weight had submaxillary glands of this altered
female type. All the animals with tumors weighing
8.95 gm. or more had glands which exhibited the
characteristic features of the estrogen-stimulated
female type described by Lacassagne and Fekete
(2, 5). The lining epithelium of the terminal
tubules of these glands consisted of cuboidal cells
with the nucleus located in the center of the cell
(Fig. 10).

No change was noted in the adrenal or pituitary
glands. The X-zone of the adrenal glands was
either extremely degenerated or absent. Dilatation
of the cortico-medullary sinuses of the adrenal
gland was not noted in any animal in this study.

The scminal vesicles and prostate glands of the
male tumor-bearing animals were atrophic.

The weight of the uteri of the female animals
with tumors increased progressively as the weight
of the tumor increased (Tables 1 and 2). The fe-
males with the largest tumors had uteri 4-5 times
heavicr than those of the controls. Histologically,
the uteri of the control females were of the castrate
type, while the uteri of all the tumor-bearing fe-
males showed varying degrees of estrogenic stimu-
lation (Fig. 15). The uteri of the animals with the
largest tumors showed the most marked stimula-
tion. No progesterone effect was noted. Likewise,
the vaginal mucosa of these animals was heavily
cornified, whereas the vaginal mucosa of the ani-
mals with smaller tumors showed only a slight
increase in cell layers when compared to the
atrophic epithelium of the castrated controls
(Figs. 11-14).

The first estrous-type vaginal smear was ob-
tained from a female animal 51 days after its tu-
mor was first palpated. The animal was sacrificed
at that time. Its uterus weighed 60.0 mg. and the
tumor 4.30 gm. This same animal had the first
cornified vaginal cpithclium. In the succeeding
tumor-bearing female animals it was observed
that they would have an estrous-type smear for 3
or more days and then have a diestrous-type smear
for a period of 5 days. Several animals were per-
mitted to run such “artificial” cycles before being
sacrificed. The uteri of these females weighed from
66.0 to 82.0 mg. Careful examination of these ani-
mals at autopsy revealed no gross evidence of
ovarian tissue. It is also unlikely that there was
any ovarian tissue present, as these animals pre-
viously had diestrous vaginal smears for a period
of 90 days or more.

Gross mounts of the mammary glands revealed
varying degrees of stimulation correlated with the
tumor weight (Figs. 16-22). The mammary glands
of the males with tumors weighing from 2.90 to
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5.00 gm. showed evidence of early stimulation;
their ducts were dilated, and end buds were pres-
ent. Three males of the above group with tumors
weighing 2.45, 3.18, and 3.42 gm. were exceptions
in that their mammary glands showed no_signs of
stimulation. In males with tumors weighing from
5.00 to 6.26 gm., the mammary glands showed be-
ginning alveolar development. The glands of the
females with tumors weighing from 2.25 to 4.43
gm. showed slight stimulation, and in females with
tumors from 4.43 to 6.58 gm. there was alveolar
development. Of the latter group, the structure of
the female glands was much more extensive than
that of the males showing alveclar development.

DISCUSSION

A close correlation existed between the size and
weight of the granulosa-cell tumor and the amount
of estrogenic substance secreted. Also, a close cor-
relation occurred between the tumor size and
weight and the severity of hypervolemic changes.
Therefore, it appears that the response in both in-
stances depends on the size and weight of the tu-
mor. This is contrary to the findings of Geist and
his co-workers (4), who studied parenchymatous
lutein tumors of mice produced by roentgen ir-
radiation. They concluded that the biologic activ-
ity of these tumors, as expressed by the effect pro-
duced upon the uterus and vagina, did not depend
upon the size of the tumor or the extent of luteini-
zation.

The kidney, submaxillary and mammary
glands, in addition to the uterus and vagina,
served as useful indicators of estrogenic secretion
by the tumor. The kidneys of the male control
animals did not revert to the characteristic female
type upon castration, and the kidneys of the fe-
male control mice did not retain the characteristic
female type following ovariectomy, as might be ex-
pected. Crabtree (1) found that after castrating
male mice there was a decrease in the percentage of
Bowman’s capsules lined with cuboidal cells to ap-
proximately the female level for animals of the
same age, and also noted that accompanying this
decrease there was a regeneration of the X-zone or
androgenic zone of the adrenal. Due to the fact
that the X-zone of the adrenal in all the mice of
this experiment was extremely degenerated or ab-
sent, one might suspect this to be an important
factor in the explanation as to why the castrated
and ovariectomized controls had kidneys which
tended to be or were the male type. However, this
occurrence served a useful means by indicating
that a tumor weighing only 1.13 gm. secreted a suf-
ficient amount of estrogenic substance to cause the
kidney to assume the characteristic female type.

The submaxillary gland findings were analogous to
those of the kidneys. The epithelial cells of the tet-
minal tubules of the glands in all the controls were
columnar instead of the usual cuboidal found in
castrates. This occurrence also served a useful
means by indicating that a tumor weighing 2.56
gm. in the female and 8.95 gm. in the male secreted
a sufficient amount of estrogenic substance to
cause the submaxillary glands to become the char-
acteristic estrogen-stimulated female type.

Because the females with tumors weighing 4.43
gm. or more showed cyeclic vaginal cornification, it
appears that the estrogenic secretion of the large
tumors was rhythmic, possibly being governed by
the pituitary.

Trentin (7) made single injections of estradiol
benzoate in oil into ovariectomized mice of eleven
inbred strains to determine the amount necessary
to cause 50 per cent of a strain to produce cornified
vaginal smears. He found the mice of the C57
strain were the most sensitive; a single injection of
0.06 ug. produced the desired effect. Using this
finding, one may estimate that a tumor weighing
4.30 gm. was secreting an amount of estrogenic
substance with a stimulating effect approximately
equal to that which 0.06 ug. of estradiol benzoate
has on the vaginal mucosa.

There was no evidence that the tumor produced
androgens. The hypervolemic changes associated
with granulosa-cell tumors are not caused by the
estrogenic substance secreted by the tumor, for ex-
periments on sustained administration of large
doses of stilbestrol and natural estrogens failed to
elicit hypervolemia in mice (6). Similar changes
are also seen in mice with nonestrogen-producing
tumors.

SUMMARY

1. A study of a transplanted granulosa-cell tu-
mor in C57 castrate mice revealed a close correla-
tion between the size and weight of the tumor and
the quantity of estrogenic substance secreted.

2. It was estimated that a tumor weighing 4.30
gm. was secreting an amount of estrogenic sub-
stance with a stimulating effect approximately
equal to that which 0.06 ug. of estradiol benzoate
has on the vaginal mucosa of C57 mice.

3. A close correlation was also found to exist be-
tween the size and weight of the tumor and the
severity of hypervolemic changes which occurred
in the tumor-bearing mice.
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FiG. 1.—Representative histologieal section of the granu-
losa-cell tumor showing the typieal architecture. Mag. X 100.

Fre. 2.—Liver of an ovaricctomized female control mouse.
Mag. X100.

Fic. 8.--Liver showing early (2-+) sinuscidal dilatation
from a castrated male mouse with a 3.95-gm. tumor. Mag.
X 100.

Fie. 4.—Liver showing advanced (34 to 44 ) sinusoidal
dilatation from an ovariectomized female mouse with a 5.99-
gm. tumor. Mag. X100.

Fic. 5.— Liver showing marked (4+) sinusoidal dilatation
with rupture of the liver capsule imminent. From an ovarice-
tomized female mouse with a 5.28-gm. tumor. Mag. X100.

FiG. 6.—Liver showing extreme sinusoidal dilatation with
preservation of the small bile ducts. Section from an ovarice-
tomized female mouse with a 6.58-gm. tumor. Mag. X 100.

Fia. 7.—Renal corpuscle from the kidney of a castrated
male control mouse. Cuboidal epithelial cells are present in the
parietal layer. Mag. X 600.

Fre. 8.—Renal corpuscle from a kidney of an ovariec-
tomized female mouse with a 6.58-gm. tumor. Squamous cpi-
thelial cells are present in the parietal layer. Mag. X600.

Frc. 9. —Submaxillary gland from an ovariectomized female
control mouse. The terminal tubular epithelium is the altered
female type. Miyg. X 1,000,

Fra. 10.—Submaxillary gland from a castrated male mouse
with a 6.26-gm. tumor. The terminal tubular epithelium is the
characteristic female type. Mag. X 1,000.

Krg. 11.—Atrophied vaginal mucosa from an ovariecto-
mized female control mouse. Mag. X 450.

Fra. 12.—Vaginal mucosa from an ovaricctomized female
with a 1.56-gm. tumor. The mucosa shows early signs of stimu-
lation with an increase in cell layers. Mag. 450,

Fi. 18.—Vaginal mucosa from an. ovariectomized female
with a 4.43-gm. tumor. The thickened mucosa indicates moder-
ate stimulation. Mag. X450.

Fia. 14.—Coruified vaginal epithelium from an ovariecto-
mized female monse with a 5.62-gm. tumor. Mag. X450,
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Fr. 15. —Castrate uterus from a female contrnl mouse (in-
sert) and a section of a uterus showing marked stimulation
from an ovaricctomized female mouse with a 4.43-gm. tumor.
Same magnifieation. Mag. X 55.

1. 16.-—Atrophied mammary gland from a castrated male
control mouse. Mag. X55.

e, 17.—Mammary gland from a castrated male mouse
with a 2.90-gm. tumor. Early signs of stimulation are indicated
by dilated ducts and end buds. Mag. X 55.

Fra, 18.—Mammary gland from a castrated male mouse
with a 3.34-gm. tumor. The increased growth of the duct sys-
tem indicates moderate stimulation. Mag. X 35.

. 19.-—Mammary gland showing beginning alveolar de-
velopment from a castrated male mouse with a 5.00-gm. tumor.
Mag. X55.

Fra. 20.—Atrophied mammary gland from an ovariee-
torized female control mouse. Mag. X 55.

Iia. 21.-—~Mammary gland from an ovariectomized female
with a 2.56 gin. tumor. Early signs of stimulation are indicated
by dilated ducts and end buds. Mag. X 55.

F1i. 22.—Mammary gland showing heginning alveolar de-
velopment fram an ovariectomized female mouse with a 5.62-
g, tnmor. Mag. X55.
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A Study of the Metabolism of 20-Methylcholanthrene®

WiLriaM G. DAUBEN AND DoroTHEA MABEE

(From the Depariment of Chemistry and the Radiation Laboratory of the University of California, Berkeley, Calif.)

INTRODUCTION

Although 20-methylcholanthrene has been
widely investigated with respest to its role as a
carcinogen, the information available as to its dis-
tribution and its metabolism is relatively sparse.
In previous studies with regard to these aspects,
the usual spectroscopic methods have been em-
ployed. Chalmers and Peacock (3), using the
fluorescence method, showed that the compound
could be detected in the bile of mice, 1-2 hours
following intravenous injection of an aqueous col-
loid; no original hydrocarbon could be detected
after 3 hours. Chalmers (2) also found that the
fluorescent spectrum of urine and feces 24 hours
after intravenous injection showed no specific
bands of methylcholanthrene. Simpson and
Cramer (10) have found that 10 days after paint-
ing the skin with a benzene solution of methylcho-
lanthrene no specific spectrum of the hydrocarbon
could be found in any layers of the skin. Also,
Lorenz and Shimkin (9) found that 4 days after
intravenous injection the carcinogen could be de-
tected in the lungs, as indicated by its fluorescent
properties, but that at the end of 1 week all the
material had disappeared.

More recently, Heidelberger, Jones, and co-
workers (7, 8) have studied the distribution and
metabolism of dibenzanthracene employing a Ci4
labeled hydrocarbon. It was found that 8-9
months after subcutaneous injection, i.e., when the
tumors appeared, 1-5 per cent of the original
hydrocarbon was present in the tumor, and a gen-
eral distribution of C* throughout all tissues was
noticed. In view of these more elaborate experi-
ments with dibenzanthracene, it was decided that
a similar investigation of the metabolism and dis-
tribution of methylcholanthrene labeled with C*
would be of interest. The preparation of this car-
cinogen labeled in the 11-position is reported else-
where (4).

EXPERIMENTAL METHODS

Strain “A’” male mice were used throughout the
experiment. They received subcutaneous injec-

* Presented at the Meeting of the American Association for
Cancer Research, Inc., in Detroit, April, 1949.

Received for publication November 20, 1951.

tions of 1.0 mg. of methylcholanthrene in 0.05 ml.
of tricaprylin, in the right axilla. The specific ac-
tivity of the methylcholanthrene was 135,000 cts/-
min/mg. For elimination studies, each mouse was
injected and placed in a glass metabolism cage.
Urine and feces were collected daily for a 7-day
period, and the cages were washed with benzene
and water. An aliquot of urine specimens was
plated and counted directly (1). The feces, tissues,
or organs were dried in vacuo and oxidized by a
modification (6) of the method of Skipper (11); the
entire sample was oxidized in all eases. The carbon
dioxide was absorbed in aqueous sodium hydroxide
and precipitated as barium carbonate. The solid
was filtered, dried, weighed, plated according to
the method of Dauben, Reid, and Yankwich (5),
and counted either with a thin-window Geiger
Miiller tube or in a proportional flow counter
(Nucleometer). The over-all error in each deter-
mination is less than 5 per cent.

DIsTRIBUTION OF RADIOACTIVITY

No detectable activity was found in respired
carbon dioxide, and this was also irue in the case
of dibenzanthracene (7). Liver, gastrocnemius
musele, and mesenteric fat were chosen as repre-
sentative tissues for study of the distribution of
radioactivity (Table 1). The tissues were removed
at periodic intervals and assayed as previously de-
scribed. In all cases, less than 1 per cent of the in-
jected dose was present in the tissue, and there was
no significant difference in the distribution of ac-
tivity among these three tissues. In some cases,
Heidelberger and Jones found a higher percentage
of radioactivity in the liver when their carcinogen
was administered as a colloid. Ocecasionally, lymph
nodes and whole blood were removed and found to
contain approximately the same activity as liver,
muscle, and fat.

RerENTION AND ELIMINATION OF RaDpICACTIVITY

Urine and feces—The rate of elimination of
radioactivity in the feces was fairly rapid for the
first 2 days and then leveled off for the remainder
of the collection period (Chart 1). The rates are
sel-consistent for each individual mouse, although
the variation among mice was considerable. At the
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end of 1 week after injection, 9-25 per cent of the
injected activity had been eliminated in this
manner.

Urinary excretion (Chart 2) is small compared
to the amount found in the feces—only about one-
tenth as much being excreted by this route. No
attempt was made to determine whether the
urinary or fecal activity represented unchanged
methylcholanthrene.

Stte.—A. series of mice was given a single sub-
cutaneous injection of methylcholanthrene, sac-
rificed periodically, and the entire region of the
site of injection was oxidized and assayed. The re-
sults of these experiments are shown in Chart 8.
These data indicate a fairly rapid elimination dur-
ing the first week, after which & constant slower
rate is maintained. At the end of 8 weeks, approxi-
mately 20 per cent of the activity remains at the
site of injection. The last point on the curve repre-
sents the average percentage of activity found in
twenty tumors.

Twmor—Three months after injection, there is
an 85 per cent incidence of tumors (Table 2), of
which 82 per cent were spindle-cell sarcomas.
There was no significant difference between the

rate of tumor formation in animals receiving radio-
active methylcholanthrene and that in those re-
ceiving the nonradioactive carcinogen (Table 2).
The amount of injected radioactivity found in
these tumors averaged 7 per cent.

Metabolic degradation.—To compare the extent
of degradation of methylcholanthrene with dibenz-
anthracene, tumors produced with the labeled
carcinogen (see preceding paragraph) were chemi-
cally fractionated. The methods employed were
the same as those described by Heidelberger, Kirk,
and Perkins (8). The summary of this fractiona-
tion is shown in Chart 4. The results are expressed
as percentage of the radioactivity in the original
injection. Radioactivity was determined in each
step, either by the direct plate technic or by oxida-
tion.

The methylcholanthrene present in the tumor
was determined by isotopic dilution technic. Inac-
tive methylcholanthrene (20 mg.) was added to
the homogenized tumor and isolated from the
benzene solution. It was purified by repeated re-
crystallization from ligroin and ether. The hydro-
carbon was then oxidized and the activity deter-
mined; the activity represented the methylcholan-

TABLE 1
PER CENT OF INJECTED DOSE IN TISSUE

ExpBR1~
MENT Days
Tissur NUMBER 1 2 3 4 5
Liver 1 0.2 0.3 0.0 0.0
’ 2 1.0 04 05 04 0.2
Fat 1 6.0 00 00 0.0
2 00 0.0 00 0.2 0.0
Muscle 1 0.0 0.1 0.0 0.0
2 0.1 0.0 0.0 00 0.0

Experiment 1: 12 animals
Experiment 2: 10 animals
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threne which was not metabolized. Of the activity
in the tumor, 10, 60, and 75 per cent was unme-
tabolized carcinogen. The amount of original hy-
drocarbon found in the tumor, 1-5 per cent, was of
the same order of magnitude as that reported in
the dibenzanthracene study.
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. CHarr 3.—Rate of disappearance of radioactivity from
site of subcutaneous injection in tricapryhlin.

ity of the activity which was introduced in the
form of the hydrocarbon and which remains in the
mouse is found at the site of injection. There ap-
pears to be no localization or concentration of C1#
in any tissue or organ as indicated by liver, gas-
trocnemius muscle, and mesenteric fat.

The major route of elimination appears to be
through the feces, while a lesser amount is lost in
urinary excretion. There is an abscence of radio-
activity in the expired carbon dioxide. From ex-
amination of the instantaneous rate curves of the
elimination by feces and urine (Chart 5), it can be
seen that the former pathway appears to be com-
posed of two distinct processes: a rapid process by
which about 5 per cent of the injected C* is
eliminated in 3 days and a slower, more continuous
pathway progressing at a rate of about 1.6 per
cent per day. A similar and perhaps related met-
abolic process is found for the urinary excretion,
by which C*is eliminated at a rate of about 0.4
per cent per day. The results of Heidelberger and
Jones on dibenzanthracene show that similar proc-
esses are involved with that hydrocarbon.

From the rate of disappearance of C* from the
site, it can be seen that about half of the activity
has disappeared in about 4 weeks. Examination of
the previously reported data on dibenzanthracene
(7) indicates a value of about 10 weeks for the
similar process. Such values are not unreasonable,

TABLE 2
INCIDENCE OF METHYLCHOLANTHRENE-INDUCED TUMORS

DOEE, INACTIVE METEYLCHOLANTHRENE
MILLL- Per cent
GRAMS incidence Type of tumor
1.0 80 Spindle-cell sarcoma
0.5 75 Spindle-cell sarcoma
1 Lymphosarcoma
0.1 5 Spindle-cell sarcoma

ACTIVE METHY LCHOLAN THRENE
Per cent

incidence Type of tumor
Spindle-cell sarcoma
85 1 Squamous-cell sarcoma
1 Adenocarcinoma
1 Adenocanthoma
40 Spindle-cell sarcoma
20 Spindle-cell sarcoma

Strain A male mice injected subcutaneously and sacrificed after 90 days. 20 animals in each

group. Histology by Dr. Rosahn.

DISCUSSION

In the following discussion pertaining to the
fate of methylcholanthrene when injected sub-
cutaneously, most of the results are expressed as
(14 gctivities and, as such, are not a direct measure
of the carcinogenic hydrocarbon itself. Such data
give no indication of the chemical nature of the
marked carbon atoms but simply that a portion
(or the whole) of the original compound is present
in the fraction assayed.

It has been found that, when methylcholan-
threne is employed as described above, the major-

since it is known that the tumors produced by
each carcinogen contain similar amounts of the
original hydrocarbon and since the ratio of the
latent periods for these compounds is about
2.5/1 (DBA/MAC). If the rate of disappearance
from the site of the metabolic products is very
rapid, as the work on dibenzanthracene would sug-
gest, such half times indicate the actual metabolic
rates of the carcinogens. However, if the rate of
disappearance of metabolites is of the same order
as the metabolic rate, then these values are com-
posite rates of the two processes. Work is in prog-
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ress to investigate this question more thoroughly.
In view of the similar proportionality of the rate of
disappearance from site and the latent periods of
the carcinogens, it is suggestive that metabolism
may well play a role in tumor production.
Extensive fractionation of the tumor showed a
general but small distribution of radioactivity in

TUMOR (7.2%)

all fractions, a result identical to that found with
dibenzanthracene.

SUMMARY

20-Methylcholanthrene, labeled in the 11-posi-
tion, has been administered subeutaneously in tri-
caprylin, and the distribution of radioactivity in

Moke altatine (oH S} with 1} NoOH.
Add ¢orrier MGA, Extroct with benrane.

‘BENZENE SOLUTION

SOLID RESIDUE (TUMORS POOLED)

Crystallize Acidify with 1§ HCL.
Extroct with worm ethyl! acelofe.
I T 1
MCA B8-1 B-2" SOLID RESIDUE
Tumor % ETHYL ACETATE AQUEOUS
K 54 04% 04%
D 4.1 )
R o7 Extract with .1y NaOH. Reflux with NaOH, cool, cetdify. Boif with water.
- Extract with athyl ocetote,
'_“—___1 I 1
G-t c-2 F-l F-2 F-3 6 RESIDUE
NEUTRAL AQUEOUS ETHYL ACETATE || AQUEQUS SOLID AQUECUS
ETHYL ACETATE 02% 01% 029% 03%
02%
Boit with I NaOH. Boil with O.1N NoOH,
Dose: 135,000 counts. L 1 RESIDUE
All percentages are on basis of total dose, AQUEOUS AQUEOUS {Slight activity)
0.1% o4%

EXTRACTION OF METHYLCHOLANTHRENE TUMORS

CHarT 4

0 T ) T
.
> INSTANTANEQUS EXCRETION RATE |
b s 2N i Valyes are average dite for 6 mice
g ] L L FECES
o !
g 05
£ — ~ URINE
a't 4 > 3

3
TIME IN DAYS
CrarT 5.—Instantaneous excretion rate

the mice at various intervals has been determined.
The radioactivity is eliminated mainly in the feces
and to a lesser extent in the urine. An appreciable
quantity of radioactivity is found in the tumors,
part of which is the original hydrocarbon. There
appears to be no localization of activity in any
tissue or organ, the major amount remaining at
the site of injection. The rate of elimination of C*¢
when introduced in methylcholanthrene appears
to be about 8 times as rapid as when it is injected
in the form of dibenzanthracene.
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Enzyme Alterations Associated with Mouse Liver
Degeneration and Regencration after Single
Carbon Tetrachloride Feeding®

K. K. Tsusor anp R. E. STowELL

(From the Departments of Oncology and Pathology, University of Kansas Medical School, Kansas City, Kan.)

Information on the role of enzymes in various
types of normal and abnormal growth is essential
for a better understanding of the vital activities of
cells. As an extension of the chemical character-
ization of the degenerative and regenerative proc-
esses induced in mouse liver by carbon tetra-
chloride feeding (21), some enzymatic alterations
associated with these processes were studied. The
succinoxidase and eytochrome oxidase systems, as
- well as liver esterase and acid and alkaline phos-
phomonoesterases, were investigated.

The plan of the present study was similar to
that previously described (21). Groups of mice
were sacrificed at various intervals following car-
bon tetrachloride feeding until all degenerative and
regenerative changes appeared to be complete. The
present enzymatic investigation was conducted in
close correlation with a general chemical and histo-
logical characterization of the various tissues uti-
lized.

MATERIALS AND METHODS

Male strain A mice 2-8 months of age, weighing
22 + 1 gm., were selected for these investigations.
Each mouse was fed by trocar 0.1 ml. of a 40
per cent solution of carbon tetrachloride in olive
oil (2), following which procedure groups of mice
were sacrificed after 1, 2, 8, 4, 5, 6, 12, and 18
days. All mice underwent an 18-hour fast period
prior to sacrifice. At the specified intervals follow-
ing carbon tetrachloride feeding, the livers were
removed from the mice under ether anesthesia.
Each liver was weighed and homogenized sep-
arately in an all-glass homogenizer (Scientific
Glass Co.) with a volume of redistilled water
equivalent to 9 ml. per gram of liver. In special
experiments utilizing differential centrifugation
technics for the separation of cellular constituents,

* This investigation was aided by grants from the Atomic
Energy Commission and National Cancer Institute.

Received for publication, Novembher 20, 1950.

30 per cent sucrose solutions were substituted for
the water as the homogenizing medium. Repre-
sentative tissues were taken for histological fixa-
tion prior to homogenization. The prepared homo-
genates were used directly for the enzymatic
analyses as well as for several pertinent chemical
measurements. All tissues were maintained as close
to 0° C. as possible until used.

Although detailed chemical (21) and histo-
logical (19) descriptions of the changes induced in
mouse liver following a single feeding of carbon
tetrachloride have been previously presented,
pertinent measurements were repeated because of
some variation in response to carbon tetrachloride
observed between groups of mice. Each liver
sample utilized for the enzymatic investigations
was characterized with respect to weight and con-
tent of lipid and moisture by procedures previous-
ly described (21).

The tissues were fixed in Stieve fluid and
stained with hematoxylin and eosin. The sections
were examined for necrosis and mitotic cells for
each of the sclected time intervals. The extent of
damage was determined for the various liver
samples by procedures originally proposed by
Chalkley (1) for the quantitative estimation of
tissue components. Measurements were made of
viable liver cell cytoplasm, as determined by the
retention of normal staining characteristics, as an
indirect estimation of the extent of liver damage
for each of the time intervals investigated.

Aerobic succinoxidase and cytochrome oxidase
activities were determined manometrically by the
homogenate technics as described by Schneider
and Potter (17). All measurements were made at
87° C. with standard Warburg equipment. Fol-
lowing the first 10 minutes allowed for equilibra-
tion, assays were conducted over a 40-minute
period, with readings taken at 10-minute intervals;
little loss in activity for either enzyme was found
within this time. Endogenous oxygen uptake was
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found to be negligible at the tissue concentrations
ased. Succinoxidase assays were conducted on at
least two concentrations of tissue. Ascorbic acid
was used as the reductant in the cytochrome oxi-
dase assay with suitable corrections introduced for
the autoxidation of this compound. Cytochrome
oxidase assays were performed on five individual
liver samples for each time interval investigated.
Succinoxidase assays were performed on only
three of the five liver samples utilized for the cyto-
chrome oxidase study.

Esterase levels were also determined mano-
metrically with slight modifications of published
procedures (14, 16). Tributyrin was ntilized as the
substrate. Concentrations of tributyrin of be-
tween 0.75 and 8.0 per cent were found to be
optimal, with little influence of the substrate at
these levels upon enzymatic activity over a con-
siderable period of time. All assays were conducted
at two levels of tissue concentration. Concentra-
tions of bicarbonate ion and CO: gas were selected
to maintain the reaction mixture at approximately
pH 7.4. Readings were taken for a total of 40
minutes at intervals of 10 minutes.

A detailed description of methods and char-
acterization studies of the phosphatases of mouse
liver will be presented elsewhere.! Phosphomono-
esterase activity was determined at pH 5.5 and
0.2 with disodium phenyl phosphate as the sub-
strate. Methods were developed to insure reliable
quantitative measures of enzymatic activity at
each of these levels of pH. The methods adopted
for routine analyses will be described.

The reaction mixtures for acid and alkaline
phosphomonoesterase assays were prepared to con-
tain 0.5 ml. of 0.5 M disodium phenyl phosphate,
0.5 ml. of 0.75 M Mg ions, 1.5 ml. of 0.1 M buffer
(acetate buffer at pH 5.5 for the acid and veronal
buffer at pH 9.2 for the alkaline assay), and 0.5 ml.
of liver homogenate, making a final volume of
3.0 ml. All assays were conducted on two levels of
tissue concentration with between 0.1 and 1.0 per
cent liver homogenates for the acid phosphomono-
esterase and 2-3 times more concentrated tissue
homogenates for the alkaline enzyme. All reac-
tions were carried out in 25-ml. Erlenmeyer flasks
at 37° C. for a 1-hour period in a constant temper-
ature water bath, with specially constructed shak-
ing racks to insure adequate mixing throughout the
entire incubation period. Following incubation,
7 ml. of 5 per cent trichloroacetic acid solution
was pipetted into the reaction vessels and the con-
tents filtered using Whatman No. 5 paper. Ali-
quots of the filtrate were removed for the deter-
mination of inorganic phosphorus by the method

1 Observations to be published from this laboratory-

of Fiske and Subbarow (3). Appropriate tissue
and substrate blanks were also prepared for each
of the samples investigated. 1t was necessary to
purify further the commercial preparations of diso-
dium phenyl phosphate from contaminating de-
composition products prior to their use by treat-
ing with calcium to remove free phosphate and
with aleohol to remove free phenol. By adopting
the described procedures, straight-line relation-
ships between tissue concentration and enzymat-
ic activity were obtained over a wide range of
tissue level. Acid phosphomonoesterase was found
to be extremely labile,! necessitating a standard-
ization of the time interval between liver removal
and enzymatic assay. A standard 1-hour interval
was adopted for each of the tissues investigated.

RESULTS

The minor variations in response to the effects
of carbon tetrachloride observed in different series
of mice necessitated a general characterization of
the liver samples utilized for the present investi-
gation. The results of this study have been sum-
marized in Chart 1. Following carbon tetra-
chloride feeding, a marked enlargement of the
liver occurs, reaching a maximum after approxi-
mately 8 days. The increases in liver size could
not be attributed to changes in the water or lipid
content of this organ. Measurements for moisture
indicated some accumulation within the livers;
however, corresponding losses in the level of lipid
were found to be associated with these increases.
An interesting relationship exists between liver
lipid and moisture subsequent to carbon tetra-
chloride feeding in that an increase in the one
constituent is accompanied by a corresponding de-
crease in the other, resulting in little net change in
the total level of both at any given time. The in-
creases in liver weights found subsequent to car-
bon tetrachloride feeding cannot be attributed,
therefore, to these constituents. Cytological
measurements for liver damage revealed a maxi-
mum reduction in viable liver cell cytoplasm on
the second and third days following carbon tetra-
chloride feeding. At these times viable liver cell
cytoplasm was reduced per unit volume of liver to
less than one-half of that found for the controls.
The extent of liver damage was estimated in terms
of remaining viable liver cell eytoplasm for pur-
poses of subsequent comparisons with data ob-
tained on enzymes known to be associated prima-
rily with cytoplasmic structures. Regenerative
changes were apparent from the first day with
some mitolic cells present at this time. Maximum
mitotic activity appeared to be occurring on the
second day, with infrequent mitosis subsequent
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to the third day. From these observations it is
evident that a considerable overlapping between
the degenerative and regenerative processes is
present. The increases observed in liver weights
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CHART 1.—Alterations induced in the weight (A), content
of moisture (B), and lipid (C), and the proportion of viable
cytoplasm present (D) in mouse liver following a single feeding
of carbon tetrachloride. Separate analyses were made on five
individual liver samples for each time interval investigated.

subsequent to carbon tetrachloride fecding were
concluded, therefore, to be due to a net increase in
liver bulk, resulting from regenerative growth pro-
ceeding at a rate in excess of the removal of
necrotic cells.

Succinoxidase and cytochrome oxidase.—The re-
sults of the investigation of oxidative enzymes in
relation to liver degeneration and regeneration in
mice have been summarized in Table 1. In view of
marked alterations in the lipid and moisture con-
tent as well as size of mouse liver subsequent to
carbon tetrachloride feeding (Chart 1), the results
of the enzymatic analyses were computed on the
basis of activity per unit lipid-free dry liver as well
as for total liver. By adopting these two measures,
relative changes in enzyme levels as well as abso-
lute increases or decreases could be computed.

Succinoxidase activity per unit lipid-free dry
liver was found to be substantially reduced
through the first 4 days subsequent to carbon
tetrachloride feeding. In view of an accumulation in
lipid-free dry liver mass within the first 4 days, loss
in enzyme in terms of total liver was less. The in-

creases in liver mass within this period were pre-
viously concluded to be due to regenerative growth
proceeding at a rate in excess of the removal of
necrotic cells. By the fifth day, a sharp increase in
succinoxidase was found approximating normal
values per unit lipid-frec dry liver and greatly
exceeding normal values for the total liver. On the
sixth day, by which time little evidence of degen-
erative changes remains, more enzyme was present
per unit lipid-free dry liver as well as per total
liver. A gradual reduction approaching normal
levels of succinoxidase was found subsequent to
the sixth day.

The results of the cytochrome oxidase study
were quite different from those deseribed for
succinoxidase. A marked reduction of this enzyme
was found in the liver subsequent to carbon tetra-
chloride administration, followed by a gradual
restoration resulting in somewhat less than normal
levels after 18 days. Resynthesis of this enzyme in
relation to general liver restoration proceeds at a
more uniform and much less rapid rate than that
observed for succinoxidase. :

To evaluate further the results of the enzymatic

TABLE 1

SUCCINOXIDASE AND CYTOCHROME OXIDASE
ACTIVITY IN MOUSE LIVER FOLLOWING
CARBON TETRACHLORIDE FEEDING

SUCCINOXIDASE CYTOCHROME OXIDASE

No. oF pavs ACTIVITY¥ ACTIVITY*
FOLLOWING nl 02/ wl 02/
CARBON hour/ hour/
TETRACELORIDE Qoz (Lipid- totalliver Qop (Lipid-  total liver
FEEDING free)t at 87° C. free) t at 87° C.
(X109 (X10%)
Controls 88 20 330 90
(73-97) (18-26) (270-450)  (74-1 10)
1 7 18 200 55
(72-80) (16-22) (180-220) (54-59)
2 62 16 200 58
(51-80) (12-21) (150-220) (88-67)
3 55 18 160 54
(86-66) (13-24) (120-200) (46-68)
4 56 17 210 78
(54-568) (15-19) (170-250)  (57-79)
5 93 29 220 66
(79-118)  (20-83) (160-260)  (40-82)
6 109 30 230 69
(78-117)  (25-84) (160-270) (6 1-72)
12 92 26 270 75
(91-94) (24-27) (220-320)  (54-96)
18 280 79
(220-860)  (54-96)

*Suceinoxidage assays were conducted on three and cytochrome oxidase
assays on five individual liver samples for each time interval investigated,
Control values represent averages of analyses on ten separate liver samples.

f Refer to ul. Oz consumed per hour per milligram lipid-free dry liver
at 37° C.,

study, comparisons were made between the levels
of succinoxidasc and eytochrome oxidase and the
proportion of viable liver cytoplasm present for
each of the time intervals investigated (Chart 2).
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Viable liver cell cytoplasm was selected in prefer-
ence to total viable liver in view of the recognized
localization of these enzymes within cytoplasmic
granules (9, 10). Enzyme levels were computed

120
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*—k Cytochrome oxidase

o——e Viable Liver Cell
Cytoplasm

PERCENTAGE OF NORMAL
-4
(=)

456 6 10 12 i4
TIME IN DAYS FOLLOWING
CARBON TETRACHLORIDE FEEDING

16 I8

Crarr 2.—Comparison between suceinoxidase and cyto-
chrome oxidase levels and the proportion of viable liver cell
cytoplasm estimated to be present following a single feeding
of carbon tetrachloride.

a remarkably good correlation. These findings sug-
gest the presence of a normal average quantity of
this enzyme within the viable liver cells at all times
during the regenerative process. Succinoxidase
activity, on the other hand, shows only an initial
correlation; however, subsequent to the fourth
day, a sharp increase in the level of this enzyme
was found in relation to the proportion of non-
necrotic cytoplasm present. A marked resynthesis
of succinoxidase occurred between the fourth and
fifth days, resulting in approximately a twofold
increase in enzyme, whereas only slight increases
in viable liver cell cytoplasm were observed dur-
ing this period of time. Little mitotic activity was
ohserved after the third day, suggesting that re-
synthesis of this enzyme occurs at a time subse-
quent to cellular division.

The enzymes succinoxidase and cytochrome oxi-
dase have been considered to be associated with
sedimentable cytoplasmic granules identified cyto-
logically as mitochondria (10). Special experiments
were performed to isolate and characterize these
cellular elements with respect to their content of
succinoxidase and cytochrome oxidase on the
third, fourth, and fifth days following carbon
tetrachloride feeding. The procedures utilized for

TABLE 2

SUCCINOXIDASE AND CYTOCHROME OXIDASE ACTIVITIES IN ISOLATED LARGE GRANULE FRACTIONS
(MITOCHONDRIA) FROM MoUSE LIVER FOLLOWING CARBON TETRACHLORIDE FEEDING

No.pays
FOLLOW-
ING CAB- SUCCINOXIDABE ACTIVITY*® CYTOCHROME OXIDABE ACTIVITY¥®
BON TET- Total liver homaogenate Mitochondria fractiont Total liver homogenate Mitochondria fractionf
RACHLO- Total ul Osz/ Total ul 0:/
RIDE pul O2/hr /gm hr/gm wet 21 02/hr /gm hr/gm wet
FEEDING wet liver Qo:Nt liver Qo:N1 wet liver Qo:Ni liver Qo:N1
(X10%) (X109 (X10%) (X10%)
Controls 21.6 610 9.7 1,300 99.0 2,770 51.4 6,900
(18.1-25.7) (540-680) (7.5-11. 5) (1,020-1, 470) (81.0-110) (2,890-3, 140) (46.1-55.1) (6,300-7,500)
3 12.8 430 5.8 ,0 36.4 1,29 21.1 4,370
(8.4-15.5) (330-490) (3.2-8. 0) (840-1,400) (35.4-37 .8) (1,180-1,400) (14.3-80. 7 (3,400-5, 400)
4 10.6 360 5.8 1,25 44.5 1,530 25.7 5,500
(8.40-14.8) (270-480) (4.3-8. 1) (900-1,500) (40.3-51 .2) (1,840-1,680) (19.7-83.9) (4,700-6, 200)
5 22.9 660 10.4 1,540 69.1 1,980 46.0 6,800

(21.1-25.8) (600-740) (10.4-10.5) (1,500-1,600)

(64.0-75.0) (1,910-2,090) (86.7-50.8) (5,266—-7,800)

* Four separate liver samples prepared from individual animals were assayed for each time intervalincluding the controls.
t The mitochondria fractions were agsayed for enzyme directly without washing.
1 Refers to pl. Oz consumed per hour per milligram nitrogen at 87° C. Nitrogen was determined by the micre-Kjeldahl method of Pregl (15).

on the basis of activity per unit wet weight of
tissue. This unit was considered the most appli-
cable for comparative purposes with the volume
measurements for viable liver cell cytoplasm. The
cytological measurements represent average values
found on three individual liver samples for each of
the time intervals.

A comparison of the cytochrome oxidase levels
with the proportion of viable liver cell cytoplasm
present for each of the time intervals demonstrates

the isolation of this cellular fraction were the
same as described by Hogeboom, Schneider, and
Pallade (10).

The results of the centrifugation study have
been summarized in Table 2. The third, fourth,
and fifth day intervals were selected for this study
in order to investigate further the marked in-
creases in succinoxidase observed within this
period of time. The results of enzymatic analyses
on the total liver homogenates were essentially
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similar for this and the previous series of mice
presented in Table 1. Analyses for succinoxidase
activity on the isolated mitochondria showed that
only about half of the original total enzyme had
been recovered in these fractions from the experi-
mental as well as control lissues. Succinoxidase
activity per unit of nitrogen in the isolated mito-
chondrial fractions was found to be less than the
controls on the third and fourth days, with increases
above control values recorded on the fifth day. The
extent of contamination of the mitochondria frac-
tions by necrotic tissue elements could not be
determined. The fractionation studies indicated
that the sharp increases observed in succinoxidase
levels in the total liver homogenates between the
fourth and fifth days could be attributed to a
marked resynthesis of mitochondria containing
somewhat more than normal levels of enzyme
within this period.

Cytochrome oxidase activity per unit of isolated
nitrogen in the recovered mitochondria fractions
was less on the third and fourth days and approxi-
mately equal to the control values by the fifth
day. However, as previously found (Table 1), less
than normal levels of this enzyme were present per
unit of liver tissue even after 5 days. By the fifth
day, therefore, the mitochondria present appear
to be normal with respect to their content of cyto-
chrome oxidase; however, somewhat less than
normal quantities of mitochondria appear to have
been synthesized at this time.

Liver esterase.—Following a single feeding of
carbon tetrachloride, marked alterations were ob-
served in the levels of esterase present in mouse
liver (Table 3). For purposes of comparison, the
results were computed on the basis of wet weight,
lipid-free dry weight, nitrogen, and total liver.
With the first three adopted units, fairly compa-
rable changes were shown in enzyme levels between
the various time intervals followed, as would per-
haps be expected from the characterization studies
presented in Chart 1. Changes in the absolute level
of liver esterase could also be determined by
computing the results on the basis of activity per
unit total liver.

The maximum reduction in liver esterase on the
second day after carbon tetrachloride administra-
tion was followed by a rapid restoration resulting
in an appreciable increase in enzyme above control
values by the fourth day. As compared to the con-
trol series, more enzyme per unit of liver tissue, as
well as an increased level of enzyme per unit total
liver, was recorded for the fourth day. These find-
ings would suggest the presence of somewhat more
enzyme per cell and an over-all increase in the
number of cells at this time interval. Following

maximum accumulation, a gradual reduction oc-
curred subsequent to the fourth day, resulting in
normal levels of enzyme by the eighteenth day.
Actd and alkaline phosphomonoesterase.—The
alterations induced in the levels of acid and alka-
line phosphomonocsterases in relation to liver de-
generation and regeneration have been summa-
rized in Table 4. A. marked decrease was observed
in the level of acid phosphomonoesterase through-
out the first 8 days subsequent to carbon tetra-
chloride feeding. These decreases correlated well
through the third day with the estimated reduc-

TABLE 3

ESTERASE ACTIVITY IN MOUSE LIVER FOLLOWING
CARBON TETRACHLORIDE FEEDING

No. oF
DAYS FOL-
LOWING
CARBON EBSTERASE ACTIVITY*
TETRA- Per milligram
cHLORIDE Per gram  lipid-frec dry Per milligram Per unit
FEEDING  wet liver liver nitrogen total liver
(X10%) (><103) (X 10%) (X10%)
Controls 470 18.9 570
(410-500) (1. 8 2 4)  (12.4-15.8) (610-600)
1 240 1.2 7.8 360
(190-300) (0.97-1.6) (6. 1 9 9  (270-410)
2 120 0.62 180
(79-160) (0.39-0.85) (3. l 6 1) (130-250)
3 160 0.79 5.8 60
(90-290) (0.45-1.2) (8.5-8.8)  (140-480)
4 560 2.5 17.0 860
(530—'620) (2. 3——2 7} (15.8-19.0) (750-1,000)
5 450 12.7 590
(280-610) (1. 1—9 5)  (8.0-16.0) (280-770)
6 550 15.0 680
(470-650) (1. 8—2 6) (12.6—17.0) (510-790)
12 580 2.4 15.7 670
(490-690) (2.2-2.7) (14.5-17. 3) (570-790)
18 510 2.0 18.7 560
(420-590) (1.8-2.4) (12.8-15. 4) (510-630)

* Expressed in ul. COz evolved per hour at 87° C, from a bicarbonate
buffer (pH 7.4). Assays were conducted on five separate individual liver
samples for each time intcrval investigated except the control series, which
represents analyses on ten separate normalliver samples.

tions found in viable liver cell cytoplasm (Chart
1, D). Subsequent to this time, a sharp increase in
the level of this enzyme was noted, resulting in an
approximately twofold accumulation of enzyme
within a 24-hour period. By the fourth day, there-
fore, approximately normal levels of enzyme were
present per unit of lipid-free dry liver, with ap-
preciably more than normal levels observed for
the total liver. It might be concluded that there is
more enzyme per cell at this time, as compared to
the control tissues, in view of appreciable quanti-
ties of contaminating degenerative tissue elements,
containing presumably little if any remaining
enzyme (Chart 1, D).

The results of the alkaline phosphomono-
esterase study were quite different from those ob-
served for the acid series. Alkaline phosphomono-
esterase activity was only slightly reduced below
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normal levels at a time when maximum liver de-
struction was observed (compare with Chart
1, D). Subsequent to the initial slight decreases, a
gradual accumulation of this enzyme occurred,
resulting in appreciably greater than normal levels
by the third day and reaching maximum values on
the fifth day. Approximately normal levels of
enzyme were not approached until the eighteenth
day.
TABLE 4
ALTERATIONS INDUCED IN ACID AND ALKALINE PHOS-
PHOMONOESTERASE ACTIVITIES DURING LIVER DE-
GENERATION AND SUBSEQUENT REGENERATION

No. oF pa¥s

AcID PHOSPHOMONO- ALEALINE PHOSPEOMONO-

FOLLOWING
CARBON ESTERASE ACTIVITY® ESTERARE ACTIVITY*
TETRA- Per gram Per unit Per gram Per unit

CHLORIDE lipid-free total lipid-free total
FEEDING dry liver liver dry liver liver
Controls 103 28 18 5.0
(89-124) (24-32) (16-19) (4.5-5.6)
1 T4 21 18 5.0
(68-85) (19-23) (15-22) (4.8-5.8)
2 58 17 16 4.7
(53-62) (14-19) (12-23) (3.6-6.7)
3 60 19 23 7.8
(50-70) (15-27) (16-27) (5.4-11.0)
4 104 36 28 9.5
(93-110) (80-42) (21-31) (6.7-11.0)
5 91 28 31 9.6
(80-99) (20-34) (21-38) (5.1-18.1)
6 98 30 25 7.5
(91-102) (24-35) (20-31) (5.2-12.2)
12 100 28 21 5.7
(86-109) (23-38) (20-22) (5.2-6.6)
18 111 31 19 5.4
(92-128) (26-34) (16-25) (4.1-7.6)

* Reported in mg. P released per hour at 37° C. determined at pH 5.5
and 9.2 for acid and alkaline phosphomonoesterase, repectively. All assays
were conducted on five separate individuallivers for each time interval in-
vestigated except the controlseries, which represent analyses on ten separate
normal livers.

DISCUSSION

There is not complete agreement on the mode
of action of carbon tetrachloride on liver cells. The
concept that it produces a swelling of the liver
parenchyma resulting in ischemia of the central
areas of the lobule and ultimate death of the af-
fected cells from oxygen deprivation (8) has not
been supported by some other evidence (19).
Whatever may be the action of the toxic sub-
stance, an over-all reduction in the level of total
liver enzymes occurs as these cells die. The de-
creases in enzyme levels approximate the esti-
mated reductions observed in total viable liver cell
cytoplasm in the cases of succinoxidase, cyto-
chrome oxidase, and acid phosphomonoesterase.
However, other enzymes, such as liver esterase,
appear to be more susceptible than the liver cells
themselves to the toxic effects produced by car-
bon tetrachloride so that a greater reduction in
their levels is found in proportion to the number
of dead cells present. On the other hand, enzymes

such as alkaline phosphomonoesterase appear to be
but slightly reduced within the total fiver in spite
of the presencc of extensive cellular destruction.
Little agreement appears to be prcsent among
various investigations (7, 12, 19, 22) regarding the
relative presence or absence of alkaline phospho-
monoesterase within necrotic liver cells as de-
termined by histochemical staining technics (4).
However, an absence of this enzyme was observed
within the necrotic liver cells of mice soon after
carbon tetrachloride feeding in experiments per-
formed in this laboratory (19). Assuming an ab-
sence of this enzyme within the necrotic liver
areas, a rapid parallel resynthesis by the remain-
ing viable liver cells or else a possible disturbance
in the excretion of the enzyme from the liver might
be suggested as an explanation of the experimental
results.

Active liver regeneration occurs soon after
carbon tetrachloride administration, with the first
mitotic cells present at 24 hours. Increases in
enzymes were found subsequent to maximum
mitosis, indicating that resynthesis of new enzyme
occurs presumably following cellular division. It is
of some interest to compare the relative rates at
which the various enzymes are restored within the
newly formed liver cells. Increases in liver esterase
and acid phosphomonoesterase were observed be-
tween the third and fourth days. Liver esterase
appears to be localized to a great extent (14) and
acid phosphomonoesterase to some extent! within
the submicroscopic sedimentable fractions (micro-
somes) obtained by centrifugation techmics. In-
creases in these enzymes might conceivably be
indicative, therefore, of resynthesis of microsomes
during this period within the newly formed hiver.
cells. However, centrifugation experiments were
not performed to test this possibility. Increases in
succinoxidase levels were not apparent until the
fifth day. The increases in enzyme observed at
this time were found to be associated with a con-
siderable increase in the amounts of material iso-
lated in the mitochondria fractions. Synthesis of
new mitochondria as well as enzyme within the
young liver cells presumably occurs, therefore,
within this interval. In contrast to the rapid re-
synthesis of succinoxidase, cytochrome oxidase is
restored within the newly formed liver cells at an
even rate over a prolonged period of {ime.

The resynthesis of alkaline phosphomono-
esterase in relation to cellular growth remains con-
fusing. Increases in this enzyme were greater than
those of the other enzymes investigated. Little
difference in the levels of alkaline phosphomono-
esterase has been reported (6) between normal
adult and regenerating rat hepatic tissues. On the
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other hand, Sulkin and Gardner (20), using histo-
chemical technics, have found increased levels of
this enzyme within regenecrating rat liver and
ascribe some significance to these findings with
respect to the restoration process. In view of the
recognized importance of the liver in excrcting
alkaline phosphomonoesterase into the bile (7, 12)
it would appear hazardous to attach too much sig-
nificance to increases in this enzyme where hepatice
injury might also be suspected. The increased
levels of alkaline phosphomonoesterase observed in
the present investigation might be attributed to a
disturbed excretion rather than to an increased
synthesis of new enzyme.

Slight increases in succinoxidase as well as in
liver esterase were found to be associated with
liver restoration following carbon tetrachloride
feeding. Novikoff and Potter (18) reported a de-
creased level of succinoxidase in regenerating rat
liver following partial hepatectomy when comput-
ing their results on a basis of dry tissue weight

(Qo,). However, perhaps the apparent decreases’

could be attributed to some extent to the presence
of abnormally large amounts of lipids present in
regenerating liver tissues following partial extirpa-
tion.» Neoplastic and fetal liver tissues have been
reported to contain less esterase and regenerating
liver tissuecontains approximately the same level of
this enzyme as normal adult resting liver (5). The
presence of a decreased level of liver esterase in as-
sociation with liver damage following the adminis-
trationof otherhepatotoxic agents (phosphorus and
chloroform) has been previously reported by others
(11). Cytochrome oxidase levels subsequent to car-
bontetrachloridefeeding werefound toapproximate
the proportion of viable liver cell cytoplasm
measurements for each of the time intervals in-
vestigated. This is not in disagreement with Shack
(18), who found little difference in cytochrome
oxidase levels between 48-hour regenerating and
normal rat liver when compared on a basis of wet
tissue weight.

SUMMARY AND CONCLUSIONS

Following a single feeding of 0.1 cc. of 40 per
cent carbon tetrachloride to strain A male mice,
the changes in histological characteristics and
content of succinoxidase, cytochrome oxidase,
liver esterase, and acid and alkaline phospho-
monoesterases of the liver during the resulting de-
generative and regenerative processes have been
studied and evaluated. Under the conditions of
this experiment the liver necrosis, as evidenced by
the reduction in viable liver cell cytoplasm, starts
during the first day and reaches a maximum dur-
ing the second to third days after feeding carbon

tetrachloride. The tissue repair as evidenced by
mitotic activity started after the first day, so that
the processes of liver degeneration and regenera-
tion proceeded concomitantly.

The destruction of liver tissue was accompanied
by a reduction in all the enzymes studied. Losses
in succinoxidase, cytochrome oxidase, and acid
phosphomonoesterase approximated the estimated
proportion of liver cell cytoplasm destroyed
while alkaline phosphomonoesterase showed a
lesser and liver esterase a greater extent of reduc-
tion. Subsequent to maximum mitotic activity re-
synthesis of new enzyme occurred. Acid phospho-
monoesterase and liver esterase were restored
within the new liver cells prior to maximum
restoration of succinoxidase and ¢ytochrome oxi-
dase. All enzymes investigated except cytochrome
oxidase were resynthesized within comparatively
short periods of time after maximum reductions
in their levels were noted.
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The Nucleic Acid Inhibiting Action of 4-Amino-N"-
Methylpteroylglutamic Acid in Mice with a
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Tt is well established that folic acid antagonists
provide temporary palliation in certain cases of
acute leukemia in children (7) and that several
compounds of this class increase the survival time
_ of mice with transplanted leukemia Ak 4 (4, 10,
11). However, eventual failure in the treatment of
leukemia by chemotherapy with such compounds
occurs consistently.

The mechanism involved in the development of
drug resistance in leukemia is at present poorly
understood. The lack of fundamental knowledge
on this point makes it difficult to utilize the known
anti-leukemic agents to the fullest advantage.

Tt has been recently demonstrated that a hither-
to sensitive strain of leukemia may be rendered
resistant to 4-amino-N'%-methylpteroylglutamic
acid (A-methopterin) by repeated passage through
treated mice (5). This strain shows a cross resist-
ance to five other 4-amino antagonists of pteroyl-

glutamic acid (2). These observations may parallel

the ultimate failure of folic acid antagonists in the
treatment of patients with acute leukemia.

Law and Boyle (9) have reported the develop-
ment of resistance in three separate sublines of a
transplantable lymphoid leukemia in dba mice
following successive transplants in mice treated
with three different folic acid antagonists. These
refractory strains carried over resistance from one
antagonist to another. One of us has demon-
strated that a strain of mice made resistant to
A-methopterin retained its sensitivity to the
anti-lenkemic effects of a crude antagonist of
pteroylglutamic acid (8) and 2,6-diaminopurine
(6).
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National Research Council; by Mr. Ben May, Mobile, Ala-
bama; and by Southern Research Institute.

The authors wish to acknowledge the technical assistance

of Miss Martelia Bell, Mrs. Juanita B. Chapman, Miss Linda
Simpson, and Miss Margaret Ann Newton.

Received for publication December 1, 1950.

Recent findings concerning the effect of folic
acid antagonists on nucleic acid synthesis suggest
that folic acid or some metabolite of this com-
pound may be acting as the prosthetic group of an
enzyme necessary for purine synthesis (8, 13).
Certainly, A-methopterin or 4-aminopteroylglu-
tamic acid (aminopterin) exerts a profound inhib-
itory effect on nucleic acid synthesis in vivo (18).

The following experiments were conducted with
the thought in mind that the failure of the re-
sistant strain of leukemia to respond to A-methop-

‘terin might be due to a failure of this compound

to inhibit sufficiently nucleic acid synthesis in the
refractory leukemic cells.

EXPERIMENTAL

The 4-amino-N-methylpteroylglutamic acid
resistant subline of mouse leukemia (Ak 4-R) used
in these studies has already been described (5). This
drug-fast strain showed no significant response to
treatment with A-methopterin, while the original
strain {(Ak 4) responds to the extent that one ob-
serves a consistent increase in life span, in treated
compared to untreated mice, of greater than 100
per cent. '

The method used to determine the rate of syn-
thesis of nucleic acids and nucleic acid purines has
also been reported (13). This technic consisted of
injection of carbon 14-labeled sodium formate (a
rather specific precursor of the 2- and 8-carbon
atoms of the nucleic acid purine skeleton [1]) and
isolation of the viscera nucleic acids and nucleic
acid purines after a period of 6 hours. Activity
assays on these fractions provide data which can
be used to estimate the rate of biosynthesis of
nucleic acid purines and, in turn, the larger
nucleic acid polymers. As has been mentioned,
strong folic acid antagonists profoundly affect in-
corporation of formate carbon into these im-
portant ccll fractions (18). We have also observed
that x-radiation, 2,6-diaminopurine, cortisone,
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and a combination of urethan plus nitrogen mus-
tard significantly affect purine synthesis under
conditions where over-all formate fixation into
tissue is not reduced (14).

To compare the action of a given dose of A-
methopterin on nucleic acid purine synthesis in
the nonresistant (Ak 4) and the resistant (Ak 4-R)
leukemic strains, experiments were carried out as
follows: Groups of Akm mice were inoculated with
Ak 4 and Ak 4-R leukemia, and, after the leukemia
was well advanced (see blood counts, Table 1), the
mice were in certain instances treated on the
sixth and seventh, or sixth, seventh, and eighth
days with A-methopterin. The level of injection
was in all cases 8.0 mg/kg. On the seventh or
eighth days after inoculation, the various groups
were injected with 1.4 uc. of HC™OONa per

tamic acid. Several interpretations of the bio-
chemical mechanisms involved in this adaptation
might be considered:

a) The refractory strain of leukemia has a
limited ability to detoxify A-methopterin. Since
the anti-leukemic activity of this drug is based on
preferential toxicity to the leukemic cell, a slight
loss in this specificity would nullify the temporary
effectiveness of this compound.

b) The Ak 4-R strain employs a different
scheme for introduction of the single ureide car-
bon atoms into nucleic acid purines which is not so
effectively blocked by A-methopterin. This possi-
bility seems less likely, since it appears from the
present data that the difference in formate fixa-
tion in the sensitive and resistant strains is but a
relative one.

TABLE 1

THE EFFECT OF A-METHOPTERIN ON NUCLEIC ACID SYNTHESIS IN MICE
WITH AK 4 AND AK 4-R STRAINS OF LEUKEMIA

SPECIFIC ACTIVITY {uC/MOLE CARBON)

Day or Combined Combined

Exe. STRAING OF No. or Davs oF HC#00Na Tissue nucleic NA
NO. LEUKEMIA MICE TREATMENT INJECTION WBC* liomogenatet acids purines}
1 Ak 4 7 none 7 42,500 4.56 90.0 242.1
2 Ak-4-R 10 none 7 38,500 6.45 841 236.6
3 Ak 4 10 6,7 7 7,250 4.78 5.64 10.2
4 Ak 4-R 10 6,7 7 21,500 5.29 11.83 64.8
5 Ak 4 10 6,78 8 8,800 5.59 7.82 17.5
6 Ak 4-R 9 6,7.8 8 30,000 8.18 23.10 50.2

Nore: All experiments were of 6 honrs’ duration after intraperitonealinjection of 1.4 pe. of sodium formate.

* Average of two or three mice.
t Determined on an aliquot of the pooled liver-spleen homogenate.
} Twice precipitated as thesilver salts.

mouse, and after 6 hours in a metabolism chamber
the mice were sacrificed and the livers and spleens
extirpated, pooled, and homogenized in a refriger-
ated Waring Blendor. Aliquots of this liver and
spleen homogenate were then subjected to isola-
tion procedures (14) which provided small quanti-
ties of combined nucleic acids and combined
nucleic acid purines. These fractions were assayed
for carbon 14 content by a gas phase procedure
(12). The data obtained are summarized in
Table 1.
DISCUSSION

It is of interest to note that A-methopterin has
failed to inhibit nucleic acid synthesis in the livers
and spleens of mice with a refractory strain of
leukemia to the same degree as has been observed
in a strain which responds to treatment with this
drug. This observation has been repeated on a fair-
ly large number of mice, and the differences are be-
lieved to be significant. Such results as have been
observed might be attributed to the survival of a
resistant mutant subline of leukemic cells adapted
to therapy with 4-amino-N'-methylpteroylglu-

¢) The resistant leukemia has acquired the
ability to synthesize folic acid (or the citrovorum
factor) and thus can reverse the anti-leukemic
action of A-methopterin. A failure of A-methopterin
plus sulfonamides (PABA antagonists) to increase
the life span of mice with the resistant leukemia
suggests that this mechanism is unlikely.! Also,
microbiological assays of folic acid and the citro-
vorum factor have failed to show any significant
difference between Ak 4 and Ak 4-R spleens or
or livers.?

All the liver and spleen cells from which nucleic
acids were isolated in this study were not, of
course, leukemic. From previous studies, it can be
estimated very roughly that at 8 days after inocu-
lation of Ak 4 leukemia into Akm mice the liver
almost doubles and the spleen more than triples in
weight. This suggests that more than half the cells
of the organs used in this study were made up of
the respective leukemic strains. Had we been deal-

1J. H. Mitchell, Jr., and H. E. Skipper, unpublished data.

2J. . Burchenal, E. Robinson, and A. Crossley, unpub-
lished data.

Approved For Release 2002/07/24 : CIA-RDP80-00926A003500020001-2



Approved For Release 2002/07/
SKIPPER AND BURCHENAL—ACt%On of 4-

o NS ey e ro R Ao |~2281

ing with wholly neoplastic tissue, it scems likely
that greater differences might have been observed.

Data presented in Table 1 on formate fixation in
the nucleic aid purines from livers and spleens of
leukemic mice, when compared to previously re-
ported results obtained on viscera from nonleuke-
mic animals (14), suggests that this discase is sig-
nificantly accelerating nucleic acid synthesis.

TFurther studies on the effects of A-methopterin
on formate fixation in desoxyribonucleic acid
guanine, adenine, and thymine and ribonucleic
acid guanine and adenine in the Ak 4 and Ak 4-R
leukemias are planned.

SUMMARY
Nucleic acid synthesis in the livers and spleens
of mice with a refractory strain of leukemia was
not inhibited to the same extent by A-methopterin
as was observed in mice with a leukemic strain
which responds to treatment with this compound.
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Book Reviews

Index of Tumor Chemotherapy. By HrLEN DYER.
Bethesda: Federal Security Agency, Public Health
Service, 1949,

The National Cancer Institute announces the publi-
cation of a new report entitled ““An Index of Tumor
Chemotherapy.” The 329-page monograph compiled by
Dr. Helen M. Dyer, biochemist, represents the most
comprehensive survey made to date of the literature on
the results of treatment of tumors by chemical methods.
The work was undertaken in order to provide ecancer
research workers with a single source from which the
available information on this subject could be obtained.
The result is a compilation of data from the chief reports
on tumor chemotherapy published in the American,
English, French, Japanese, German, Italian, Portu-
guese, Scandinavian, and Spanish scientific literature.

The four main sections of the report are: (1) a histori-
cal résumé and explanatory introduction; (2) a table of
5,031 chemotherapeutic tests classified according to
chemical used; (8) an alphabetical index of the chemi-
cals, keyed so that they may be instantly located in the
table of chemotherapeutic tests; and (4) a bibliography
of the 2,213 references from which the data were taken.
The table of chemotherapeutic tests contains, for each
chemical, data on the type of tumor, species, and num-
ber of animals used, the dosage, number of treatments,

route of administration, effect claimed, year the test was
reported, and the reference.

Since the number of copies is limited, distribution to
individuals will be confined chiefly to persons engaged in
cancer research viork. However, in order that everyone
to whom the report may be of service may have an op-
portunity to use it, copies have been sent to all medical
school and other large scientific libraries in the United
States and Canada, to many in foreign countries, and to
several large city public libraries.

Requests for copies will be filled to the extent pos-
sible within the limitations imposed by the size of the
edition and the relative needs of groups and individuals.
Requests should be addressed to the Cancer Reports
Section, National Cancer Institute, Bethesda 14, Mary-
land.

Lehrbuch der allgemeinen Pathologie wnd der Patholo-
gischen Anatomie. By H. Hamprrn. Heidelberg:
Springer-Verlag, 1950.

The Royal Cancer Hospital Mechanically Sorted Punch
Card Indexr System. 2d ed. A. W. Hunt, D. W.
Surruers, M. Leperman, M. W. HarMER, and
K. M. Turner. Colchester, England: Benham &
Co., Ltd., 1950.
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INFORMATION FOR AUTHORS

Manuscripts for Cancer Research must rep-
resent new and original contributions, not pre-
viously published, and, if accepted, not to be
published elsewhere. They should be typed,
double-spaced, with ample margins, on bond
paper. The original and one carbon copy should
be submitted. Manuseript pages should be
numbered consecutively. Every paper should
end with a brief, logical summary in which the
points proved by the investigation are outlined.

Critical reviews on subjects dealing with
cancer and allied fields will be considered for
publication in Cancer Research. Such reviews
should attempt to correlate the various ap-
proaches to a problem in a manner that will
indicate the trends and emphasize the aspects
that require further clarification. Critical
analyses of the pertinent issues and expressions
of opinions are encouraged. Preferably, the
reviews should not exceed 7 pages (6,000 words)
in length, including references.

Comments: A limited space will be available
for the publication of comments on published
data in the cancer field; they should not exceed
500 words. Comments written for the presenta-
tion of new data will not be published.

The title of the paper should be as short as
is compatible with a clear indication of the sub-
ject matter. Chemical formulas should not be
included in the title. The title of the paper, the
name of the author (or authors), location, and
any acknowledgments should appear on a sepa-
rate page.

Footnotes should be numbered consecu-
tively and should appear on a separate sheet.

Tables should be typed on separate sheets
and should be numbered. Each must have a
brief descriptive title. Tables should be ar-
ranged for vertical position on the page, either
in single or double column. Every column must
be supplied with an appropriate heading.

Ilustrations: The preparation of photo-
graphs, charts, and graphs is particularly
important, and authors are requested to fol-
low very carefully the directions given below.

Half-tone illustrations (photomicrographs
and photographs) are designated figures and
are printed as plates at the end of each article.
Figures in moderate numbers will be accepted
if they are of good technical quality and essen-
tial for the clarity of the presentation. Plates
in color and excessive numbers of figures, if
accepted, will be charged to the author. Only
clear glossy photographs should be submitted.
Mount all photographs tightly together on
white cardboard. Place as many together as
will make a plate not to exceed 6 X 8} inches.
Mailing is facilitated if the size of the card-
board mount does not exceed 8% X 11 inches.

Each figure should include the appropriate
number on a lower corner, and they should be
numbered consecutively starting with Figure 1.
Legends for plate figures should be typed sep-
arately in consecutive order on standard-sized
paper with the heading “Legends for Figures.”

Line cut illustrations (graphs and charts)
are designated charts and are printed in the
text. These should be numbered in consecutive
order starting with Chart 1. Charts should
be planned so as to eliminate waste space; they
should be ruled off close to the area of the
curves, and descriptive matter should not ex-
tend beyond the curves. Charts should be so
prepared that no letter or figure will be less
than 2 mm. high after reduction to the size in
which it will appear. Generally they will be
reduced to fit either the one- (3-inch) or two-
(6-inch) column width of the page. Original line
drawings on high quality white drawing paper
or board, blue tracing cloth, or coordinate paper
printed in blue should be used. Typewritten
charts are not desirable, as they permit but
slight reduction. Only India ink should be
used for drawing or lettering. One set is suffi-
cient. Legends for each chart should be typed
separately in consecutive order on standard-
sized paper with the heading “Legends for
Charts.”

References should include, in order: au-
thor, title, journal abbreviation (Quarterly
Cumulative Index Medicus form), volume num-
ber in arabic numerals, inclusive pages, and
year. Book references should give: author,
title, pages, edition number, city, publisher,
and year. All references should be checked with
the original publications and should be arranged
in alphabetical order. Each number in the refer-
ences is to refer to only one paper. References
to unpublished work or personal communica-
tions should appear in footnotes. The following
examples illustrate the desired style:

Woerom, W. H. Please! An Editorial.
Cancer Research, 2:846-50, 1942.

GrEENSTEIN, J. P. Biochemistry of Cancer,
pp- 5-20. 1st ed. New York: Academic Press,
Inc., 1947.

Changes in proof: Any but minor changes
from the manuseript which are made in proof
will be billed to the author.

Reprints may be ordered before publica-
tion, at cost, according to a schedule of prices
accompanying the galley proof of the article.

Manuscripts, reviews, and correspond-
ence related to contributions should be ad-
dressed to: Dr. HaroLp P. Ruscs, Editor,
CANCER RESEARCH, McArdle Memorial
Laboratory, University of Wisconsin, Madison
6, Wisconsin.

INFORMATION FOR SUBSCRIBERS

All subscriptions and business inquiries
should be addressed to the publishers, TuE

University oF CHICAGO PrEess, 5750 Ellis
Avenue, Chicago 87, Hlinois.
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mass demonstration in the auditorium

The projectionist can follow a specimen through a progres-
sive series of ever-tloser localizations, from its gross aspect
1o its ultimate microscopic demonstration under oil-immersion

The auxiliary Scopicon dark-chamber “rcund-table”
affords superb facility for small-group study.
Here the projected image is cast upon a platen

within a light-tight chamber, with separate light-
fratidn of I,
excluding viewing hoods for each observer. Any stratiéh o vogm“.

nd gastric smeafs and

number up to ten may share in conference, which ’
body Fexudates, even undér oil-

can be conducted in a normally lighted room. A immegsed microscope ob;%chves

pointer at each port permits any observer to indi- jected images six feet or
. . . more J#icross, every detail
cate areas of interest to all the others for discussion. normgl and abnormal cells

seen gue to the pinpoint chiiracter
of the 1 mm. square (approx.)
focalspot emploved. The Scbplcon
light &s steady, flickerless .. . its
. - » and for brilliant white color exhibitiig bio-
smuall-group logical stains to the greatést ad-
“round-tables’’ vantage. May we send ydu the

ina normally brochure describing this viérsatile
lighted room instrument?

SCOPICON, Inec.
215 East 149th St., New York 51, N. Y.
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